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CHAPTER 1 
Introduction 
Spectroscopy has facilitated us with various findings and results in different 
areas like atomic, laser, plasma etc. in past. Particularly in atomic spectroscopy 
analyses on different spectra have been done to enrich the information about the 
elements and atomic data. In this regard a plenty of work is done on simple spectra 
but the progress on complex spectra is not satisfactory. As R. D. Cowan pointed out in 
his book, "The Theory of Atomic Structures and Spectra" that, out of 5460 possible 
spectra for 104 known elements, only 1002 had been partially analyzed till 1979. A 
survey of literature provides the latest information being available on approximately 
2400 spectra, on many of them only scanty one, out of a total of 6105 spectra of 
known 110 elements. Thus a long way is still to go. 
The astronomers and fusion researchers had always been prime users of 
spectroscopic data. In order to provide an accurate and complete data for 
astrophysical, as well as, other industrial uses, the study of transitions between the 
excited configurations is required. Here we have taken up the analyses of such 
transitions for the barium spectra. 
The second chapter gives a brief introduction to the theory of atomic spectra 
whereas the third chapter deals with the experimental details concerned with the 
present work. The subsequent chapters, chapter 4 to 7 describe the detailed structure 
and analyses carried out for different spectra of barium i.e. from fourth spectrum to 
seventh spectrum respectively. And in the last chapter we have put results of the work 
carried out with a little discussion of future possibilities of work on barium spectra. 
CHAPTER 2 
Theory of Atomic Spectra 
A short description of atomic structure is given in this chapter. Here we have 
described, in brief, the Hatree's self consistent field method, Hartree-Fock method 
and Slater's contribution for the solution of Schrodinger equation to explain the 
atomic structure [1-5]. The Slater's Parameters; Egv the centre of gravity of a 
particular configuration, zeta (^ ni) the spin-orbit interaction energy, F"^  electrostatic 
direct integral, G'' the exchange integral and R*^  the configuration interaction integral 
are explained in short. Finally we have explained the computer program provided by 
R D Cowan [6] for configuration interaction calculations. This program is a set of four 
programs RCN, RCN2, RCG and RCE. The first three programs altogether calculate 
various parameters related to atomic structure. The output file mainly consists of 
transition wavelengths, wave number, oscillator strengths, the radiative transition 
probabilities for each transition involved in the system, radiative lifetimes of the 
excited states, etc.. RCE is a least square fit program which optimize the energy 
parameters and unobserved energy levels when more than 50 % levels of a particular 
configuration are known. The ab initio calculations for each spectrum were carried 
out using the above programs. An introduction to transition probability, oscillator 
strength, isoeloctronic sequence, term values and Rydberg series is also given in the 
end of this chapter. The optimization of energy levels is done using the computer 
program KLAS developed by G. J. Van Het Hof of Amsterdam [7] and LOPT 
developed by A. Kramida [8]. 
CHAPTER 3 
Experimental Details 
This chapter deals with the experimental details. The spectrum of barium was 
photographed in the 300-2080 A wavelength region on a 3-m normal incidence 
spectrograph at the Antigonish laboratory (Canada) in two steps. Earlier Tauheed and 
Joshi recorded the spectrum in the wavelength region 300-1240 A and later, Tauheed 
Ahmad, in the wavelength region 1050-2080 A. The spectrograph was eqipped with a 
holographic grating with 2400 lines mm"' whose reciprocal dispersion is 1.385 A per 
mm for first order spectra. The lower wavelength region 150-400 A was recorded on 
10.7- m grazing incidence spectrograph at the NIST laboratory, Gaithersburg. MD 
(U.S.A) by Y.N. Joshi and V. Kaufman [9-12]. The NIST spectrograph is equipped 
with 1200 lines per mm grating having an inverse dispersion of 0.225- 0.258A per 
mm in the wavelength region 230-460 A. The dispersion is even better in the region 
below 200 A. The sources used in both the cases were triggered spark. Either BaCOs 
BaNOs salt or pure barium metal was packed into the cavity of aluminum electrodes. 
A fast charging 14.5 i^ F capacitor chargeable up to 20 kV is charged between 4 -7 kV. 
The discharge was initiated by a 30 kV pulsed transformer trigger module (TM 11). 
The experimental conditions were varied by introducing series inductance of various 
turns into the discharge circuit which in turn changes the excitation conditions 
significantly. The spectrum corresponding to different excitation conditions were 
photographed as separate tracks on the same plate. Ionization separation is done quite 
satisfactorily by the intensity variation of the lines on the tracks. The pole effect 
(length and appearance of line) exhibited by the lines was also a criterion used for 
ionization discrimination. Lines of higher ionization were eUminated on the tracks at 
low voltage discharges with series inductance coil. However, they favored the higher 
excitation as the charging potential was increased. Ba IV lines appear as full length 
lines on all tracks with either almost no change in intensity or increase in it. The 
intensity of Ba V lines falls sharply in the last track where it becomes shorter (appear 
in the lower part). The decrease in the intensity of Ba VI lines with increasing 
inductance is less than the same in the Ba VII lines, which shows a significant fall. 
The spectrograms were measured with the help of a Zeiss Abbe comparator at 
Aligarh. The lines of C, O, N, Al and Si present on the spectrograms as impurities 
were used as internal standards [13] for wavelength reduction. Using MOSFIT [14], a 
polynomial fit program, the measured data was reduced into the wavelength. The 
accuracy of wavelength measurement is ±0.005 A for sharp lines. 
CHAPTER 4 
The Spectrum of Three Times Ionized Barium (Ba IV) 
In this chapter, the spectrum of three-times ionized barium is described. The 
ground state configuration of the three-times ionized Barium (Ba IV) is 5s^5p^ This 
spectrum belongs to the neutral iodine (I I) isoeloctronic sequence. The first 
investigation of this spectrum was a fragmentary analysis done by Fitzgerald and 
Sawyer [15] and the latest analysis of this spectrum was carried out by Sansonetti et al 
[16] . They studied the 5s^5p^ 5s5p^, 5s^ 5p'*5d and 5s^5p'*6s configurations and 
reported 28 levels with the identification of 39 lines in the 463-923 A wavelength 
region. In the present analysis we have included new configuration 5s^5p 6p in odd 
parity configuration and 5s^5p'*(6d+7d) and 5s^5p''(7s+8s) configurations in even 
parity matrix. Previously reported levels of the ground configuration and three lowest 
excited configurations (5s5p , 5s 5p 5d and 5s^5p'*6s) have been confirmed. All the J 
> 7/2 unknown levels of 5s^ 5p'*5d configuration and the (^ P) '*P5/2 level of 5s^5p''6s 
configuration have now been established through the identification of transitions from 
the levels of 5s^5p'*6p configuration. All the levels of 5s^5p'*(6p+7s) configurations 
have now been established. We could determine 23 levels out of possible 28 levels of 
Ss^ Sp'^ ed configuration, 6 levels of the Ss^ Sp'^ Ss configuration and 15 levels of the 
5s^5p''7d configuration to our satisfaction. In all 112 levels are now established in the 
Ba IV spectrum including the earlier identified levels and two hundred fifty lines are 
classified. Ionization potential of this spectrum is determined to be 378650 ± 1000 
cm' or 46.9466 ± 0.1240 eV. The work out energy levels and transitions are shown in 
Fig. 4.1. 
Fig. 4.1 Energy level diagram of Ba IV. Energy levels and transitions shown in black 
colour are analyzed by Sansonetti et al [16] and that shown in red and blue colour are 
studied in the present work while that in cyan colour are not studied. 
CHAPTER 5 
The Spectrum of Four Times Ionized Barium (Ba V) 
The ground state configuration of the four-times ionized Barium (Ba V) is 
Ss^ Sp"* and it belongs to the Te I isoeloctronic sequence. It was first studied by Reader 
•J T 
[17]. Later Tauheed and Joshi [18] extended the analysis by including 5s 5p 5d and 
5s 5p 6s configurations, they reported 42 levels out of 48 levels of 5s 5p 5d and 
5s^5p^6s configurations in addition to the 5 levels of ground and 4 levels of 5s 5p 
configuration. In the present work, the spectral analysis has been extended 
considerably to include new configuration 5s^5p^6p in even parity configuration and, 
5s^5p^(6d+7d) and 5s^5p'^ (7s+8s) in odd parity configuration. First of all we verified 
the earlier work and confirmed previously reported levels of the ground configuration 
and three lowest excited configurations 5s5p^, 5s 5p 5d and 5s^5p''6s in Ba V. All the 
levels of 5s 5p 6p configuration and J > 4 unknown levels of 5s 5p 5d configuration 
have now been established through identification of transitions from the levels of 
5s 5p 6p configuration. Thirty seven out of forty eight levels of the 5s 5p 6d and 
5s^5p^7s configurations and 27 out of possible 38 levels of 5s^5p'^ 7d and 5s^5p^8s 
have also been established. In all 150 energy levels are now reported in the Ba V 
spectrum based on four hundred thirty seven lines idendfied in this spectrum. An 
energy level diagram showing transitions observed between various configurations 
has been depicted in Fig. 5.1. The series limit of this spectrum is calculated and found 
to be 476860 ± 600 cm"' or 59.1231 ± 0.0744 eV. 
Fig. 5.1 Energy level diagram of Ba V. Energy levels and transitions shown in black 
colour are analyzed by Tauheed and Joshi [ 18] and that shown in red and blue colour 
are studied in the present work while that in cyan colour are not studied. 
CHAPTER 6 
The Spectrum of Five Times Ionized Barium (Ba VI) 
This spectrum of barium belongs to Sb I isoeloctronic sequence. The ground 
configuration of five-times ionized barium is Ss^Sp''. This spectrum was first studied 
by Tauheed and Joshi [19] in 1994. They analyzed the ground configuration and the 
three lowest excited configurations SsSp"*, 5s^5p^5d and 5s^5p^6s and reported all the 
five levels of the ground configuration and 42 out of 44 levels of the above three 
lowest excited configurations. Here we have extended the spectral analysis 
considerably by including new configuration 5 s 5p 6p in odd parity matrix and 
5s^5p^(6d+7d) and 5s^5p^(7s+8s) configurations in even parity matrix. The analysis of 
this spectrum begins with the verification of previous work. All the previously 
reported levels of the ground configuration and three lowest excited configurations 
SsSp"*, Ss^ Sp'^ Sd and 5s 5p 6s of Ba VI have been confirmed and the two unknown 
levels with J = 9/2 of 5s^5p^5d configuration have been found out through the 
identification of transitions from the levels of 5s^5p^6p configuration. All twenty one 
•y -y 
levels of 5s 5p 6p configuration and twenty nine out of thirty six levels of the 
9 7 7 7 
5s 5p 6d and 5s 5p 7s configurations have now been established. Six out of eight 
levels of 5s 5p 8s configuration and only ten levels of 5s^5p^7d configuration are also 
reported in the present work. Thus over all 115 levels are now established in this 
spectrum. Energy level diagram and transitions identified between them are shown in 
Fig. 6.1. The calculation for the determination of ionization potential is done and the 
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Fig. 6.1 Energy level diagram of Ba VI. Energy levels and transitions shown in black 
colour are analyzed by Tauheed and Joshi [19] and that shown in red and blue colour 
are studied in the present work while that in cyan colour are not studied. 
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CHAPTER 7 
The Spectrum of Six Times Ionized Barium (Ba VII) 
The ground state configuration of the six times ionized Barium atom (Ba VII) 
is Ss'^ Sp^  and it belongs to the Sn I isoelectronic sequence. This spectrum was first 
studied by Tauheed and Joshi [20] in 1992. They reported all but one levels of 5s 5p , 
5s5p^, 5s^5p5d and 5s^5p6s configurations in Ba VII and classified 70 lines in the 
332-994 A wavelength region. The analysis has been extended considerably to 
include new configurations 5s^5p6d and 5s^5p7s in odd parity configuration and 
9 7 7 4 9 9 
excited configurations 5s 5p6p, 5s 5p4f, 5s 5p5f, 5p , 5s5p 5d and 5s5p 6s in even 
parity matrix. In this work we have confirmed all the previously reported levels 
1 9 9 
except the Pi level of 5s 5p5d configuration. We took up the analysis of [5s 5p5d -
5s 5p4f| transition array and were successful to identify all the twelve levels of 
5s^5p4f configuration. Next we considered [5s^5p5d+5s^5p6s - 5s^5p6p] transition 
array and established all the ten levels of 5s 5p6p configuration. The even parity 
configurations 5s5p^(5d+6s) + 5p'* are overlapping with 5s^5p5f, and 5s^5p7p, and are 
strongly mixed. Therefore, these configurations were considered together. We found 
levels of 5s 5p5f configuration satisfactorily; however, transitions from 5s^5p7p to 
9 9 
5s 5p5d and 5s 5p6s were too weak and hence could not be seen. Out of possible 
seventy two levels of 5s5p^ (5d+6s) configurations, we were able to establish thirty 
six levels with satisfaction. All five levels of 5p'* configuration were found. In all one 
hundred twenty two levels have been established in this spectrum out of which ninety 
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Fig. 7.1 Energy level diagram of Ba VII. Enrgy levels and transitions shown in black 
colour are analyzed by Tauheed and Joshi [20] and that shown in red and blue colour 




In the present thesis spectra of moderately ionized barium (Ba IV-Ba VII) are 
investigated in the ultraviolet region. The spectrum for these analyses was 
photographed in the 350-2080 A wavelength region on a 3-m normal incidence 
spectrograph at the Antigonish laboratory (Canada). The data below 350 A were 
supplemented from the spectrograms recorded on a 10.7- m grazing incidence 
spectrograph of NIST laboratory USA. 
The lines of C, O, N, Al and Si present on the spectrograms as impurities were 
used as internal standards for wavelength reduction. The measured data was calibrated 
into the wavelength using a polynomial fit program MOSFIT. For the optimization of 
energy levels we used the computer program KLAS developed by G. J. Van Het Hof 
of Amsterdam and the program LOPT developed by A. Kramida. 
The multi configuration interaction calculations for the precise prediction of 
energy levels and transition arrays were done using the Cowan's computer 
programmes (RCN, RCN2, RCG, and RCE). The scaling of energy parameters used 
for the ab-initio calculations for each spectrum is derived from the corresponding 
isoeloctronic sequence. 
The results of the analyses carried out for each spectrum are as follows: 
In the fourth spectrum of barium, all the previously reported levels are 
confirmed and the J > 7/2 unknovra levels of 5s^5p''5d configuration and the (^ P) '^?5J2 
level of 5s^5p'*6s configurafion have been established. All the levels of 5s^ 5p'*6p and 
5s^5p'^ 7s configurafions, 23 levels out of possible 28 levels of 5s^ 5p'*6d configuration, 
13 
6 levels of the 5s^5p'*8s configuration and 15 levels of the 5s^5p'*7d configuration have 
been reported. 
In the fifth spectrum, all the J > 4 unknown levels of 5s'^ 5p^5d configuration 
have now been established. All the levels of 5s^5p'^ 6p configuration and thirty seven 
out of forty eight levels of the 5s^5p^6d and 5s^5p^7s configurafions along with 27 
levels of 5s^5p^7d and 5s^5p^8s configurations have been established 
In the sixth spectrum of barium, all the previously reported levels have been 
confirmed and the two unknown levels with J = 9/2 of 5s^5p^5d configuration have 
been identified. All twenty one levels of 5s 5p 6p configuration and twenty nine 
") 0 9 9 
levels out of thirty six levels of the 5s 5p 6d and 5s 5p 7s configurations and 16 
9 9 
levels of 5s 5p (7d+8s) configurations have also been established. 
In the seventh spectrum of barium, we have confirmed the previously reported 
levels except the 'Pi level of 5s^5p5d. All levels of 5s^5p(4f+5f) and 5s^5p6p 
configurations, and thirty six levels out of possible seventy two levels of 5s5p 
(5d+6s) configurations have been established. All five levels of Sp"* configuration and 
sixteen levels of 5s^5p6d and 5s^5p7s configurafions were found out. 
In near fiature we are plarming to enhance our spectral data by extending the 
wavelength region of investigation. We will make some recordings in the lower 
wavelength region up to a few tens of angstroms as well as in the higher region above 
2000 A with higher accuracy. We are planning to further extend the analyses for the 
investigation of nf, ng series and open d shell transifions. 
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Spectroscopy, a branch of physics, deals with the observation and 
interpretation of radiation emitted or absorbed by an entity (atom, ion, molecule etc). 
This radiation contains certain unique spectral features of that entity. The stud> of this 
radiation reveals several facts which are still not known to the scientific societ\. Since 
its beginning in the year 1666 with the discovery by Sir Isaac Newton that sunlight 
when allowed to pass through a prism spreads into a beautiful band of colours it has 
contributed a lot to our knowledge. 
From Space Science to Nanotechnology, from Astrophysics to Pharmaceutics, 
from discovering new elements to producing Lasers, Atomic Spectroscopy has travel 
a long way indeed. But still a long way is to go. 
Accurate data on ionized atoms has always been in demand by Astrophysicists 
and fusion researchers. The progress on the knowledge of simple spectra has been 
very satisfactory in past few decades. However; the information on the complex 
spectra is still fragmentary. There are many unidentified spectral lines of astrophysical 
importance. These lines may be due to the transitions between the excited 
configurations of such species. 
Atomic transitions of the isoelectronic members of the barium atom have been 
studied in recent past in our laboratory; therefore to avail more information and 
atomic data in the sequence we have taken up the analyses of Barium spectra which 
have complex structure. 
In the early 1500s, a few minerals of barium were known to Alchemists 
because of their magical properties. Barium was first isolated by Sir Humphry 
Davy in 1808 in England by the electrolysis of mohen barium salts. Robert Bunsen 
and Augustus Matthiessen obtained pure barium by electrolysis of a molten mixture 
of barium chloride and ammonium chloride. First Guyton de Morveau called barium 
oxide as "barote" and later it was changed to baryta by Antoine Lavoisier. The 
present name barium was given to it by Sir Humphry Davy. 
Among known isotopes of barium ranging in mass from II4 to 153, six are 
stable. Most of the known radioisotopes of barium are highly radioactive with half-
lives ranging from several milliseconds to several minutes. Barium also has 10 Meta 
states. Barium-138 makes up 71.7% of all barium, and the lighter the isotope, the less 
it is abundant. The abundance of barium is 0.0425% in the Earth's crust and 13 |ag/L 
in sea water. The main commercial source of barium is barite. Its deposits are spread 
all over the world. Its main deposits are located in England, Romania, and the former 
USSR. 
As a member of the alkaline earth group of elements, it has chemical 
properties similar to calcium. It is a soft, silvery metal at room temperature. It 
oxidizes rapidly when exposed to air and react with water. It has a melting point of 
727 °C and a boiling point of 1897 °C. Its atomic number is 56; the atomic weight is 
137.327; and its specific gravity at 20 °C is 3.5. 
The abundance of barium is observed in red giant stars. Barium is used as a 
light source in a device, developed by University of Wisconsin-Madison researchers 
for emitting visible light. Barium and its compound are used for different purposes 
e.g. for drilling new oil wells, for removing the remaining bits of gasses in electronic 
vacuum tubes, for producing the fireworks. An X-ray blocking property of barium 
sulphate makes it useful in medicine while the toxicity of barium carbonate makes it 
useful as pest control. 
There have been many previous studies in the literature which have provided 
data on the various spectra of barium atoms. The experimental observations have 
involved various techniques in different spectral regions. A literature survey of the 
work done on the barium atom has been made by Sansonetti and Curry and they have 
published this compilation in 2010. Survey reveals that experimental observations 
have been made on a few ions of barium while for other ions, only theoretical 
calculations are available. 
In this thesis we have presented the spectral studies of moderately ionized 
barium i.e. three-times to six-times ionized (Ba IV - Ba VII). The spectroscopic 
analysis of Ba IV began in 1934; however, a comprehensive investigation appeared in 
1976. No experimental observations have been made on sixth and seventh spectra of 
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barium till 1994 and 1992 respectively. Most of the research work done so far. on 
these four spectra involved only the ground configuration and the lowest excited 
configurations. In these analyses first excitations of the outer electron and internal 
excitation of the s shell electron were studied. 
In the present work we have extended the analyses considerably. We have 
included the next excitations of the outer electron and the further excitations from the 
excited configurations. All investigations are based on n=5 electron excitations. 
In the first chapter we have introduced the barium atom and our work on it. 
The next chapter of the thesis presents a brief introduction to the theory of atomic 
spectra. The third chapter gives the experimental details concerned with the present 
work. The subsequent four chapters describe the detailed structure and analyses 
carried out for the fourth, fifth, sixth and seventh spectrum of barium respectix ely. 
Results of the present work along with a future scope of work are given in the last 
chapter of the thesis. The reproduction of a few spectra of barium that are used for the 
present investigations are given in the appendix. 
CHAPTER 2 
Theory of Atomic Spectra 
2.1 Theoretical Background 
Spectroscopic studies of the light emitted or absorbed by atoms and ions date 
from the early nineteenth century. Since then, many efforts are made to explain the 
structure of an atom. In 1904 after the discovery of electron, the plum pudding model 
given by J.J. Thomson was very first of these efforts; it destroys the indivisibility of 
atom. Discovery of nucleus by Rutherford was an addition to this sequence. Later, the 
postulates of Niels Bohr's theory, laid the foundation stone for basic theory of 
structure of atom and atomic spectra. He suggested that the electrons were confined in 
the clearly defined, quantized orbits of fixed energies around the nucleus. Electron 
could jump from one state to another state only by absorbing or emitting a specific 
amount of energy (photon) provided it is permitted by the selection rules. Using the 
idea of Louis de Broglie and the work of contemporary physicists which strengthen 
the quantum nature of atom, Erwin Schrodinger described the electrons in these states 
as three dimensional wave functions rather than just a point particle and hence 
developed a mathematical model. Certain structural and spectral features of atoms 
having more than one electron were explained by this model in much better manner. 
For one electron system which turns in a two body problem (like H atom), the 
Schrodinger equation is exactly solvable. The results obtained for one electron system 
are in good agreement with experiment. Therefore the fundamental task is to calculate 
the wave function for each quantum state. Such a normalized wave function for 
hydrogen atom or orbitals as given by Slater in usual notation is 
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is the radial wave function and Rni or Pni is normalized such that 
,„ [PAr)Vdr = 1 
An exact solution of Schrodinger equation for more than one electron is not 
possible. Addition of electrons, even a single, made the problem quite complex; 
however an approximate solution of Schrodinger equation for two electron system 
(He atom) has been set up. Results of such equation are in good agreement with 
experiments within experimental errors. These results improve with increasing Z This 
formulism provides a road map for the study of complicated atoms, but the solution of 
Schrodinger equation for such atoms is too complicated, employing the method used 
for He atom. Therefore we must look for satisfactory approximations to solve the 
equations. Various approximations are used for this purpose, which are good enough 
to give good qualitative and quantitative agreement with experiment but with far 
larger errors than for the He atom. These approximations firstly deal with light alkali 
atoms and then in next step with more complicated atoms. Here we would like to give 
a very brief description of the theory of atomic structure and spectra details of which 
can be found in references [1-9]. 
2.2 Central Field Approximation 
In this approximation each electron in the atom is assumed to move 
independently in a potential which is the sum of potential due to coulomb attraction 
between nucleus and electrons, and the averaged potential due to coulomb repulsion 
by the remaining electrons. This potential arises from the very nearly spherically 
averaged charge distribution of the electrons and from the nucleus, is itself spherically 
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symmetrical. Such a potential is called central field. In this approximation the energy 
depends on the different electronic shells and on the quantum numbers n and I but is 
independent of the mutual orientation of electron orbits and spin. This approximation 
has been found good enough to explain the spectra of alkali metals in fair detail and 
satisfactory to provide size and energies of general atoms to a good approximation. In 
this approximation, the fact that an electron possesses spin angular momentum and it 
obeys Pauli's exclusion principle inside an atom is neglected. 
2.3 Self-Consistent Field Method 
All theoretical predictions in atomic physics are based on time dependent 
Schrodinger's equation 
HU (r,0J) = EU ir,OJ) (2) 
where H is the Hamiltonian, U is the wave function and E is the energy. The 
Hamiltonian for an atom, in general, can be written as, 
Z 
- ^ + 
J k K J • Kj 
e 
(3) 
where the first term represents the kinetic energy of the electrons involved, second 
that of nucleus, the third one is the interaction between electrons and protons, fourth 
among protons and fifth among electrons, Hss represents spin-spin interaction, Hso 
represents spin orbit interaction, Hhfs is the hyperfine structure Hamiltonian and Hetc 
stands for additional effects left out so far. 
Hartree [1] solve the above equation by taking a many electron Hamiltonian 
operator H 
./ ' '/ ' j>> "^u ( 4 ) 
and an atomic function, which can be obtained by the product of all the functions 
belonging to individual electrons of the atom. Such a wave function is given as 
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As mentioned in sec 2.1 that exact solution of equation (2) for atoms having more 
than one electron is not possible at all, therefore approximations are required. In 1927 
D. R. Hartree introduced a procedure which he called the self consistent field method 
for solving such equations and hence to calculate approximate wave functions and 
energies for atoms. 
Hartree foimd that he could set up a manageable procedure for determining 
this self-consistent field, based on the method of iteration or successive 
approximations. He determined charge densities and potentials from these functions 
and obtained the final wave function by solving Schrodinger's equation. Using the 
final wave function of one step as initial wave function the next cycle was started. 
This process continued until the self-consistency between trial and final wave 
fiinctions was achieved. Fortunately it was found that the process converged after a 
number of cycles resulting in a self consistent wave function with a very good 
approximation. The wave function of an electron in central field is similar to the wave 
functions given by equation 1 except the difference in radial function. 
2.4 Hartree-Fock Method 
The product function used by Hartree for the solution of Schrodinger equation 
does not follow the Pauli's exclusion principle which states that no two electrons in 
the atom can have all four quantum numbers the same. This problem was solved by 
V. Fock. He proposed a wave function which is anti-symmetric upon interchange of 
any two electron coordinates. Such anti-symmetric wave function is constructed by 
taking the linear combination of product function and it vanishes when two orbitals 
are identical. The simplest function which satisfied the conditions of anti 
symmetrization is a determinantal function of the type 
^.(1) UX2) ^,(A^) 
f/2(l) U,(2) U,{N) 
¥={N\) - 1 / 
^^ (1) uM UAN) 
- ( 6 ) 
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The linear combination of determinantal function will also satisfy this condition. Here 
each of the spin orbitals is assumed to be the product of a function of coordinates and 
a function a or P of spin. All spatial orbitals are assumed to be normalized and they 
form a complete set of orthonormal spin orbitals in terms of which an arbitrary 
function of coordinates and spin can be expanded. Variation principle are used to 
minimize the energy and hence to derive the Hartree-Fock equations. Now the 
Hamiltonian operator has an extra term as compared to the same in Hartree's method. 
This is a correction term involving exchange integrals. The Hartree-Fock method is a 
good but by no means a perfect approximation. For obtaining accurate results for 
heavier atoms or ions, one must introduce the correlation and relativistic corrections 
in Hartree-Fock equations. The presence of these terms greatly complicates the 
resulting set of integro-diffrential equations. Scientists therefore attempted to modify 
it, to make simple and physically more comprehensible. Slater's [2] lifelong work is 
most important in this respect. He proposed that the correction term can be 
approximated by a statistical free-electron expression, which later on developed by 
Condon and Shortly [3] and many others, and is commonly known as Slater-Condon 
Theory. In this method the unknown wave function is expanded in terms of a set of 
appropriate known basis functions which are assumed to be members of a complete 
set of orthonormal functions. Then Hamiltonian matrix is diagonalized, once it is done 
then the calculation of the energy levels and eigenftmctions of the atom is trivial; all 
one has to do is to find the eigenvalues of the matrix. 
The integro-differential equations involved in Hartree-Fock method are 
divided into smaller manageable integrals known as Slater Parameters. Neglecting the 
spin orbit interaction and magnetic effects. Slater has given the one electron energy 
contribution in integral form as 
E„ 
- \ : 




V ^ J 
R nl 




This is called average energy. Whereas the two electrons contribution is expressed in 
terms of another integral 
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(8) 
Here r^ and /; are respectively the lesser and greater of the distances r, and r-, ot" the 
electrons from the nucleus. In case of equivalent electron equation (R ) gives the 
electrostatic (coulomb) part of energy in terms of symmetric integrals. 
^' = \o r ^ "^'- ("> )^".'. ^'- )^"-'- (^ ' )^«'^ ('^) 
2-— r, r , dr ,dr . 
* + 1 ' 1 ' 2 - ' 1 
' 6 
1^ >) 
For non equivalent electrons, the following exchange integrals are obtained; 
« ' = Jo" r ^.'.'. ('•• > "A ('•^)«',•. ('•')«-'^ (--^) 
X ^ ° , r^^ r^^ dr ^dr , 
''* 
(10) 
For F'' integral k is always even but for G'' it may be even or odd. The radial integrals 
F and G*^  (or more generally, R'^) are referred to as Slater parameters. The integrals 
denoted by F*^  represents that part of the electrostatic energy which depends on the 
orientation of the € vectors and is responsible for the separation of terms with 
different L-values in LS coupling. Those denoted by G^ give the energies due to the 
exchange forces which depend on the spin orientations. They cause the splitting of 
terms with equal L but different total spin S. After the expressions containing the I^ 's 
and G's have been derived the magnetic spin-orbit interactions are introduced as 
perturbation, which gives the fine structure splitting expressed in terms of spin-orbit 
integrals denoted by n^i • 
2m'c'a,'n,'l,(l: + 1 /2X^ + 0 , i l ) 
10 Theory of Atomic Spectra 
Further description about the parametric theory and the variation of the energy 
parameters can be found in ref [10] 
2.5 R D Cowan Code 
Hartree-Fock-Slater (HFS) scheme could not be applied easily to complex 
systems involving many electrons as the exchange approximation suggested by Slater 
does not accurately account for the self-interaction energy of electron. The potential 
function tends to zero at large radii. Introduction of potential cut-offs by Hermann and 
Skillman [4] solved this problem partially. Later, in 1968, R D Cowan developed a 
computer program for numerical calculations of radial wave functions and integrals. 
He incorporates his own suggestions [5-7] and the idea of Hermann in the basic 
theory of atomic structure for developing this code. Cowan's approach was to solve 






RCN is the first program of this set; therefore, the primary information is 
always given to this program and each program automatically provides input 
information to the next program of the sequence. 
2.5.1 RCN 
This program calculates single-configuration radial wave functions Pni(r) for a 
spherically symmetrized atom for each of any number of specified electron 
configurations using one of the following homogeneous differential equation 
approximations to the Hartree-Fock method. 
[1] Hartree(H) 
[2] Hartree-Fock-Slater 
[3] Hartree-plus-statistical-exchange (HX) 
[4] Hartree-Slater (HS) 
This program can also be used for true Hartree-Fock (HF) calculations. Mostly 
the HX method or the centre of gravity HF method is used. RCN program not only 
calculates radial wave functions Pni(r) but also calculates various other radial integrals 
and total energy of the atom for each configuration involved in the calculations. 
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Approximate relativistic and correlation energy corrections are incorporated in these 
calculations by this program. A typical example of the input file, IN36, given to RC'N 
is provided in Table 2.1, this file was used to calculate the spectra of six times ionized 





























































































































































































RCN2 is the next program of this sequence; it takes the output of RCN 
program as input while output of this program serves as the input for next program 
RCG. Thus it is an interface program. This program calculates configuration 
interaction radial Coulomb integrals R*' between each pair of interacting 
configurations, and the electric-dipole and electric quadrupole radial integrals 
between each pair of configurations. It scales all energy-level-structure parameters F \ 
G , R , and zeta. This program prepares a complete file of input data for program 
RCG for the calculations of energy levels and spectra of an atom. 
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2.5.3 RCG 
This program computes the angular factor of various matrix elements in the 
theory of atomic structure and spectra using Racah-algebra techniques. It calculates 
the energy eigenvalues of each energy level and eigenvectors. It also calculates the 
percentage composition of mixed levels in case of complex spectra in various possible 
angular-momentum-coupling representations (like LS, JJ, JK etc.). This program 
calculates the electric dipole EI, magnetic dipole MI and the electric quadrupole E2 
transitions. It calculates transition wavelengths, wave numbers, oscillator strengths, 
and the radiative transition probabilities for each transition involved in the system and 
radiative lifetimes of the excited states. It gives the average purities of all the 
configurations of both parities in different coupling schemes which in turn helps to 
decide the suitable coupling scheme to be used. Other options, when a free electron is 
present, are photo ionization cross-sections, auto ionization transition probabilities, 
total lifetimes, and branching ratios for auto ionization. This program has an option to 
repeat all calculations using the more appropriate Slater parameters obtained by the 
final least square fitted calculations. 
2.5.4 RCE 
RCE is a least square fitting program in which fitting process is carried out by 
an automatic iterative procedure until the parameter values no longer change from one 
iteration cycle to the next (by more than 3%), or for a specified maximum number of 
cycles. Any of the parameters can be held fixed at specified values, or groups of 
parameters can be linked to vary in such a way that the ratios of the values within a 
group remain fixed relative to each other. The iteration can be carried out in any one 
of the seven angular-momentum coupling schemes available in program RCG; final 
eigenvectors are printed in this representation, and also in either the LS or JJ 
representation. 
When more than half energy levels are experimentally knownn, then these are 
given as input for the RCE program while unknown levels are omitted from it. The 
parameters are made free to adjust themselves in accordance with the observed energy 
levels, so as to produce computed atomic energy levels in the more precise way. 
These missing levels are then located. Then these newly found levels are again fed 
back to RCE giving improved values of parameters which are much closer to their 
real values and so on until most of the levels are located. For the levels still remained. 
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the transition probabilities are recalculated with improved values of parameters usmg 
RCG program. It helps a lot in establishment of these levels. 
A short description of the basic theory behind the program may be found in 
references [5-7] 
2.6 Transition Probability 
The spontaneous Transition probability per unit time from an excited state 
to a state of lower energy 
a - ' ^ " ' ; ^ " ° " ' S \{r'J'M'\p:"\rJM >f 
where; a o - Bohr radius, a - wave number and 
is the q' component of classical dipole moment of the atom in units of-eo o 
The total Transition probability from a state y J M to all M states oi yJ \s 
3^(2/+1) 
and the weighted transition probability is 
3/! 
/ , , . „>, , | 2 
where yj'M' Pl'^\yJM)\ 
is a measure of total strength of the spectrum line including all possible transition 
M,M. 
2.7 Oscillator Strength 
The total probability of emission from a specific state of the upper level j to all 
(2J+1) states of the lower level i is given by 
_ ^Ti^malc 
" ~ ~ 3/2(2J'+1) 
and the weighted oscillator strength by 
gf = -{2J + \)f^, 
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2.8 Isoeloctronic Sequence 
The sequence of atoms (ions) having the same number of extra nuclear 
electrons is commonly known as Isoeloctronic sequence. Such a sequence generally 
starts with any element of the periodic table and is followed by other elements in the 
order of their atomic number. For example Sb I, I II, Xe III, Cs IV, Ba V etc. All 
members of this sequence have one extra nuclear charge from their preceding 
member. All these elements are made to have the same number of electrons as neutral 
antimony has by stripping one electron from iodine, giving singly ionized iodine III; 
two electrons from xenon, giving doubly ionized xenon Xe III; three electrons from 
cesium, giving triply ionized cesium Cs IV. The number written after the symbol of 
element is called spectrum number and is denoted by ^ .This number ^, giving the net 
charge of the core, is given by ^ = Z - (N - 1) where Z is the atomic number and N is 
the total number of extra nuclear electrons. For example ^ = 1 for neutral antimony Sb 
I, ^ = 2 for III, ^ = 3 for Xe III and so on for other members and elements. In general 
a sequence is named on it's first member; however, if emphasis is on a particular 
member of the sequence then the sequence might be denoted by that particular 
member e.g. Sb I sequence may be called as Xe III or Ba V sequence. 
As each member of the sequence have same number of extra nuclear electrons 
the energy levels and the spectral lines arising from each atom or ion will show 
remarkable similarities that is such atomic systems exhibit a number of relationships 
that are of great interest both for the practical analysis of spectra and for the 
systematic description of the experimental results and their extrapolation. The 
regularity of any observed level found in different members of the sequence can be 
checked by employing various methods. 
Graphical methods are of great help in this regard. They provide a broad 
survey and are helpful in these studies. When the term value i.e. the energy value of a 
level in the unit of cm"' is plotted against Z, we obtain steeping upwards trend because 
energy increases rapidly with Z. Such plots are not sufficiently sensitive to show 
irregularities. Prof. Bengt Edlen [11] solved this problem during his studies of various 
atomic irregularities along such sequences. The term value and some function of the 
term value as for instance Vf, r / « + c), T/(g + cf , etc. may be plotted against C„ 
here c is a suitably chosen constant. The most convenient and useful expression, out 
of them is T/(g + c) or El{g-^c) the steep upward trends of T vs ^ curves are 
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replaced by downward slope in El{g + c) vs ^ curves, which allows the use of larger 
scales. It gives a linear wave number scale for each spectrum and permits a free 
choice of zero level. These curves further can be made smooth and horizontal by 
choosing a suitable value of the constant c. the value of this constant may be guessed 
from the equation £,/($-i +c) =^2/(^2 +c) where Ei is the energy of lower member of 
the sequence and E2 is the energy of the higher member. This constant is more 
effective for the starting members of the sequence than for higher members. 
For terms with equal n value such graphs are nearly parallel lines. It gives 
another opportunity of plotting the quantity (A£ - AL)/g- , where AE is the difference 
between a given level E and a reference level EQ, and AL is the difference between the 
limits L and LQ for E and EQ respectively. This allows a larger scale and hence a more 
accurate and detailed comparison giving good interpolation and extrapolation 
opportunity. For the transitions involving configurations with different n values, the 
isoelectronic relations can be written in a form similar to the screening doublets. Here 
E/{g + c) vs C, curves give upward moving trends for higher member of the sequence. 
In the analysis of extended isoelectroic sequences we may plot E-(a"g' +ag) 
against ^ in a constant second difference displacement graph or for much better 
analysis E/{g + c)-cy"g can be plotted against ^, where c is a constant and a" [s the 
hydrogenic term given by the relation 
cT"=Rg\\-\) 
"1 "2 
where R is the Rydberg constant, ni and nj are principal quantum numbers of the 
ground and the other shell involved in the configuration concerned, respetively. The 
above expression can be written more precisely as 
n^ ^ n" 7 + 1/2 4 
where a is the Sommerfeld fine structure constant and n and 1 are the orbital quantum 
nuber of the other electron. 
As mentioned earlier, there are many other ways to check the regularities in 
the sequence using either isoelectronic interpolation or extrapolation. Regularities in 
the energy parameters like G*", F*", etc. and other physical quantities, associated with 
atoms and ions like electron affinities can also be checked employing these 
16 Theory of Atomic Spectra 
techniques. Further details on isoelectronic sequence can be obtained in reference 
[11]. 
2.9 Term Values and Rydberg Series 
Regularity in the distribution of lines in spectra of atoms was known from 
very beginning. The intervals between successive lines, and their intensities, 
decreases in a more or less regular manner towards shorter wavelengths, so as to 
make the series converge towards a definite limit.The wave-number of any line in the 




where no and n may take any integral value such that n > no. Each value of no gives 
rise to a series with an infinite number of lines approaching the limit R/n^ such 
series is called Rydberg series. The series limits corresponding to different values of 
no form in turn an infinite series of terms approaching zero, the ionization limit. This 
series of terms also constitutes a Rydberg series, and can be taken into account by 
writing their term values empirically as 
T = W -
n 
where n* = n - 5. here n* is called effective (principal) quantum number and 5 is the 
quantum defect. Quantum defect 5 takes different value for each series. The quantum 
defect is due partly to penetration into the core and partly to a polarization of the core 
in the field of outer electron. Penetration is dominating for smaller 1 value while 
polarization alone is responsible for it at larger 1 values. 
If E is the relative term value counted upwards from the ground term, and Ei is the 
value of series limit on the same scale then the absolute term value is defined as 
T = E I - E 
The ionization potential, difference between the uppermost and the lower most 
term can be related as 
IP = E, =T + E 
The quantum defect and hence the effective quantum number can be 
determined using the Ritz formula. For it an accurate value of the series limit E| of the 
term system is necessary. 
CHAPTER 3 
Experimental Details 
3.1 Light Sources 
The information that can be gained by use of the spectrograph depends to a 
considerable extent on the proper choice and use of the Hght source. In a light source, 
individual atoms or molecules, usually in the gaseous or vapor state, emit radiation, 
whenever they posses an excess amount of energy. The different excitation sources 
that are conventionally used for obtaining the line spectra of chemical elements differ 
in the method by which energy is supplied to the atoms and molecules, and in the 
amount which can be absorbed before radiation. They may receive energ) by 
absorption of radiation, by transforming kinetic energy from inelastic collisions with 
electrons and atoms, by thermal excitation, by electric currents etc. Flame, arc. spark, 
discharge at low pressure (high frequency discharge, hollow-cathode discharge and 
vacuum spark discharge), plasma jets, radio frequency torches and laser produced 
plasma are various light sources that have been used in spectroscopy. In flame and 
furnace spectra, the energy is supplied thermally to the atoms or molecules of the 
system while in fluorescent spectra; radiation of suitable frequency is used for this 
purpose. 
According to the radiation emitted by the various light sources, the> are 
classified as continuous or discontinuous, although the distinctions between the two 
are not very sharp. A continuous spectrum, in general, is characterized by 
uninterrupted range of wavelength over a considerable region, and by the absence of 
sharp lines or bands. For example such spectrum appears as an unbroken series of 
colors changing imperceptibly from one to the next. Contrary to this, the spectrum of 
discontinuous source shows a number of sharp, narrow bright lines. The detailed 
description of various light sources can be found in the ref [12&13]. The hght 
sources, which are capable of operating in high vacuum, and whose excitations are 
adequate enough to produce the desired high frequency radiation, are suitable for 
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ultraviolet region e.g. the vacuum spark source. The barium plates, used for the 
present analyses of multiply ionized barium, were recorded using the triggered spark 
and sliding spark light sources. These two sources are described briefly here in 
addition with a brief introduction of electric spark. 
The electric spark produces higher excitation and has greater flexibility in 
power and control. In the spark circuit, spark is produced by connecting the secondary 
of a transformer across an insulated electrode holder which carries the test samples. In 
most cases a capacitor is also connected across the secondary of transformer to 
increase the discharge current. Transformer, used, must have a size adequate to charge 
the condenser up to the expected voltage while the condenser may be of almost any 
size. High voltage or large value of condenser gives rise to the higher excitation of the 
atoms of the material of electrodes. An inductance is also used in the spark circuit as 
it decreases the initial current and degree of excitation in the spark. The variation of 
inductance separates the spectral lines from the various ionization stages. 
3.1.1 Triggered Spark Source 
The recording of present spectrograms was done using triggered spark light 
source. This is a modified spark source with better control over spark in the voltage 
range 2kV to 20 kV. A 14.5 |aF fast charging low inductance capacitor, chargeable up 
to 20 kV is used. To obtain higher ionizations a parallel combination of these 14.5 |aF 
capacitors or a big condenser bank of 120 |a,F is used. To initiate the discharge in 
triggered spark gaps and to regulate the voltage a trigger module TM-11 A is used. 
The trigger module TM-II A is a compact versatile instrument made to provide a 
high voltage trigger pulse of fast rise time. It provides a trigger pulse of 30 kV. TM-
11 A is an integrated package. It consists of a line voltage to D.C. power supply, a 
primary triggering circuit, a krypton switch tube and a pulse output transformer which 
is housed in an oil filled case. The output is provided through ceramic high voltage 
bushings at the back side of cabinet these bushings also provide limited d-c isolation 
between the pulse output and the ground of the cabinet. 
3.1.2 Sliding Spark Source 
In this spark source a suitable spacer is introduced between the two electrodes. 
Here spark actually slides through the spacer. It operates at low voltages but very high 
current. Fast charging capacitors are used to discharge through electrodes. The spark 
is controlled by a motor which works like a circuit breaker. This motor has an 
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attachment which rotates in a gap in the circuit and completes the circuit for a brief 
interval at the peak voltage of each half cycle; during this discharge takes place. 
Before the next fit of rotor gap switch (trigger) the capacitor charges again and thus 
the cycle continues. The peak current in the discharge ranges from 200 amperes to 
3000 amperes and even more in certain cases. The exposure time is reciprocal to the 
discharge current, for low currents like 200-300 amperes it may be 1 or 2 hours and 
for high currents approximate to 1000 amperes it may be of a few minutes (20-30 
minutes). The variation of peak current gives a reliable ionization separation. 
Different exposures are taken at different peak currents. Spectra of low ionization 
stages are obtained at low currents like 200-300 amperes with charging potential less 
than IkV and that of moderately (five or six times) ionized atoms, current of range 
800-1200 amperes are suitable. The spectra of even higher ionized atoms are taken at 
much higher currents, ranging up to 4000 amps. In no case charging potential exceeds 
by 2 kV. The ionizations achieved here are lower than the same in triggered spark 
source but the spectral lines are much sharper than triggered spark. 
3.2 Spectrograph 
The spectrograph is an instrument for producing a photographic image of the 
spectrum. It is a powerful tool for the investigation of the nature, properties, 
composition, and character of the material emitting the radiation, and for determining 
the structure of the absorbing and radiating atoms, ions or molecules. The 
spectrograph, in general, consists of a dispersing device, an optical system, and an 
entrance aperture. Depending on dispersing device spectrographs are categorized in 
two groups i.e. prism spectrographs and grating spectrographs. 
The choice of a spectrograph depends on various factors e.g. the range of wavelength 
over which it can be used, the extent of its dispersion and its variation with the 
wavelength, the resolving power of the instrument, the brightness of the spectrum etc. 
The diffraction grating spectrographs have broader spectral coverage, greater 
dispersion and resolving power per unit cost, greater uniformity of dispersion, greater 
light transmission in certain cases and greater freedom from scattered light in 
comparison with prism spectrographs. The actual wavelength limit attained by any 
optical instrument depends not only on the angle of incidence but also on the light 
source, photographic plates, exposure etc. In the low wave length region, grazing 
incidence spectrograph is a better choice which can record spectrum up to a few 
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angstroms while in the region greater than 300 A , normal incidence spectrographs are 
used. Constant deviation, medium quartz, three prism etc are the low dispersion 
spectrographs used to record the spectrum in visible region. Various spectrographs 
[12-14] are available for recording of spectrum in air at different spectroscopic 
laboratories e.g. 21 feet and 35 feet grating spectrographs are present in our lab at 
Aligarh Muslim University. 3-m normal incidence vacuum spectrographs at 
Antigonish, Moscow, Swedan, Aligarh etc. and 10.7-m spectrograph at NIST are 
grating spectrographs with better resolution used to record the spectrograms in high 
vacuum. 
The wavelength region for the present investigation was vacuum ultraviolet, it ranges 
from 200 A to a little above 2000 A, and therefore we have made use of both grazing 
incidence and normal incidence spectrograph. These two are briefly described in the 
following sections. 
3.2.1 Normal Incidence Vacuum Spectrograph 
Most of the data used in the present analysis is recorded on the normal 
incidence spectrograph of the Antigonish laboratory Canada. Therefore we will 
describe here the features of 3-m normal incidence spectrograph set up of the 
Antigonish laboratory. It is made of cylindrical chamber of approximately 30 inches 
in diameter. The vacuum tank is made of aluminium sheets bolted together with 
rubber gaskets in grooves along the joints. The shape of this tank is like a giant piano. 
The large bottom and top sheets are supported by vertical thick aluminium plates. 
These plates prevent the deformation of bottom and top sheets during the evacuation 
of tank. These vertical plates are supplied with appropriate apertures for the passage 
of light. The optical instruments, that is, slit, grating and plate holder are mounted on 
a rigid frame formed by the tank. The slit is mounted on the end wall besides the plate 
holder tank. This slit can be accessed through a stop cock at atmospheric pressure; 
however it can be removed without disturbing the vacuum of tank. The slit can be 
visually inspected during exposure through a window in the tank wall at a position 
which allows the zero-order light beam to emerge. The slit is 3mm long and its width 
is set about 20-25 microns by using aluminium foils strips of known thickness. The 
mounting of grating can be adjusted by different screws provided to turn and tilt it 
about specific axes and to focus it. All these parts can be accessed when the casing of 
grating is opened. The additional feature of Sweden's spectrograph allows the 
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focusing of grating from the outside without altering the vacuum while in the 
Antigonish spectrograph the focusing is done manually by adjusting the plate holder. 
It destroys the vacuum. The Antigonish spectrograph is equipped with an osmium 
coated holographic grating with 2400 lines/mm over a ruled surface of 65x150 mm'. 
This gives a plate factor of 1.385 /mm in the first order which remains almost constant 
in the entire region. A variation of less than half percent is seen from 300 to 2080. 
The plate holder is designed in such a way that it forms a Rowland circle matching the 
radius of curvature of plate holder. The plate holder can be moved in a direction 
perpendicular to the plane of Rowland circle even when the instrument is evacuated. 
Due to this motion of plate holder, it can be adjusted in different positions, which 
gives an opportunity to take several exposures without disturbing the vacuum. But 
during loading and unloading of the plate the vacuum of the chamber destroys. The 
length of the plate holder is about 760 mm, either two 15 inches or three 10 inches 
long plates can easily be fitted against the circularly cylindrical surface of the plate 
holder. Spark chamber is arranged in a way so that spark gap between the electrodes 
is exactly in fi-ont of the slit. Some time to achieve the perfect alignment of electrode 
gap with the slit, He-Ne laser is used. A schematic diagram of 3-metre normal-
incidence spectrograph is given in Fig. 3.1. 
3 metre i 
D \^ • 
Fig. 3.1 Schematic diagram of 3-metre normal-incidence spectrograph Parts: supports 
(A-A), ource (S), slit (B), grating (G), plate holder (D-D), zero order window (W) 
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There are various valve provided to prevent the vacuum of different chambers. 
Baclcing pump and oil diffusion pump are used to evacuate the chamber. The pump 
system evacuates the spectrograph to a pressure of 10 '^  to 10"^  torr. after five to six 
hours of pumping. 
The light from the source passes through horizontal slit and falls on the grating 
and diffracted light is received on the photographic plate. By changing the orientation 
of grating the angle of incidence can be varied which subsequently changes the 
wavelength region covered. The region 300-1240 A was covered in one set up at an 
angle of incidence about 10° while in second set up the angle of incidence was about 
18° covering the region 1040-2080 A. These two set-ups of recordings give an 
overlapping region of about 200 A to normalize the intensities and to establish the 
correspondence for ionization separation characteristics. Further details and 
description of similar 3-m normal incidence vacuum spectrograph of Lund Institute of 
technology, Sweden can be found in ref [15] and [16]. 
3.2.2 Grazing Incidence Spectrograph 
The reflectivity of grating materials decreases with the decrease in wavelength 
and it becomes very low for the wavelength shorter than 300 A therefore even very 
strong lines are not recorded by normal-incidence set-up. This problem of normal-
incidence set-up is solved by using grazing-incidence spectrographs. In this type of 
set-up, high angles of incidence on the grating are used so that the light striking 
tangentially on the grating surface undergoes total-reflection. A diagram of the 
concave-grating mounting with high angle of incidence, focused along the Rowland 
circle is shown in Fig. 3.2. The choice of angle depends on the wavelength range to be 
investigated and its dependency can be seen from the formula for critical angle, 
sin d^={e/c)Ay]{N/7cm) 
where, e and m are charge and the mass of the electron; c is velocity of light; N is the 
number of electrons per unit volume; 0 = 90-a, a is the angle of incidence and X is the 
wave-length above which there is critical reflection. 
Since sin 9 is proportional to X, the shortest wave-length that can be obtained 
are 320A, 160A, 75A, and 53A for angles of incidence of 0°, 60°, 80°, and 85.6° 
respectively if other conditions being comparable. With increase in the angle of 
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incidence, the astigmatism of the grating increases rapidly. At the same time the effect 
of the finite width of the grating and the length of the rulings become significant. The 
dispersion of these spectrographs is much larger than that of the normal-incidence 
types and varies much more rapidly with wavelength. The resolving power of the 
grating decreases with the increase in angle therefore to maintain this; the optimum 
width is much smaller than the usual grating mounts. 
Fig.3.2. Schematic diagram of grazing-incidence spectrograph 
The useful length of ruling is also small at high angles of incidence. Because of the 
astigmatism, only short lengths of the line are effective in contributing to the line 
intensity at any point, therefore, reduction in the exposed area of the grating in 
grazing-incidence spectrograph is done either by using diaphragm or by applying 
mask to the grating surface. Because of the high angles of incidence, the distance 
from slit to grating and from slit to zero-order is much smaller than in normal-
incidence spectrographs, therefore, such spectrographs are much more compact than 
normal-incidence. 
The adjustment of grazing-incidence is somewhat more difficult than that of 
the near normal-incidence spectrographs because it requires accurate leveling of the 
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grating; adjustment of the rulings in parallel to the slit, fitting of the plate accurately 
in the focal curve and focusing accurately for large angle of incidence and diffraction. 
Over the range in which both grazing-incidence and normal-incidence grating 
spectrographs are useful, the choice between the two types depends upon the 
application. If the weakest lines are to be observed, the greater reflecting power at 
grazing-incidence favor the use of an instrument of the grazing-incidence type and if 
precise wavelength is required, the nearly normal dispersion and greater freedom from 
aberrations in the normal-incidence type may be of advantage. 
3.3 Recording of Barium Spectra 
The spectrum of barium was photographed in the 300-2080 A wavelength 
region on a 3-m normal incidence vacuum spectrograph at the Antigonish laboratory 
(Canada) in two steps. Earlier Tauheed and Joshi recorded the spectrum in the 
wavelength region 300-1240 A and later. Prof A. Tauheed, in the wavelength region 
1050 -2080 A. The light source used was triggered spark in both cases. Either BaCOs, 
BaN03 salt or pure barium metal was packed into the cavity of aluminum electrodes. 
A fast charging 14.5 ^F capacitor is then cormected across these Al electrodes. This 
capacitor was charged to various voltages (4-7 kV) through Sorenson (20 kV, 30mA) 
power supply. The discharge was initiated by giving a 30 kV fast pulse using trigger 
module -11 (TM-11). The voltage across the electrodes falls to zero after the 
discharge takes place. This process gives a single spark (shot) and such numbers of 
shots are needed for an exposure which can be obtained by repeating the whole 
process again and again. The number of shots, which needed for an adequate 
exposure, depends on various factors like wavelength region, charging potential etc. 
After charging the capacitor up to desired value, the circuit is broken through 
electronic circuit breaking arrangement for protecting it against the back current in 
case of misfire. 
By varying the recording conditions, several exposures are taken on each 
plate. The conditions can be varied in the following different ways; by varying the 
charging potential, by introducing an inductance coil and the field gradient across the 
electrodes. 
Kodak short wave radiation (SWR) plate were used to record spectrograms in 
the wavelength region 300-2080 A. After recording these plates are developed in 
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Kodak D-19 developer and fixed in F-5 Kodak rapid fixer. These plates develop in 
two to three minutes at 20°C. In the grazing incidence wavelengths region Kodak 101-
105 type plates are used as they are very sensitive in this region. This gives the 
possibility of recording of weak lines. These plates need chilling in cold water before 
developing. 
The lower wavelength region below 400 A was recorded on 10.7-m grazing 
incidence spectrograph at the NIST laboratory, Gaithersburg, MD (U.S.A) by \ .N. 
Joshi and V. Kaufman [17-20]. The NIST spectrograph is equipped with 1200 lines 
per mm grating having an inverse dispersion of about 0.225-0.258A per mm in the 
wavelength region 230- 460 A. The dispersion is even better in the region below 
200A. As these plates are recorded for the study of higher ionization stages of barium, 
therefore the spectral lines of lower ions up to Ba VI were not observed on these 
plates. 
3.4 Establishment of Line List 
All spectrograms analyzed in the present work were measured on the Carl 
Zeiss Abbe comparator at Aligarh which can measure the position of sharp lines to 
0.0005 mm. In the measurement, the relative position, intensity and other 
characteristics of each spectral line were noted. The intensity of a line is the estimate 
of relative visual darkening of the plate. Among the other characteristics of a line, we 
note its length, shape, sharpness, broadness, polarity etc. Since BaCOs and BaNOs 
salts were used in Al electrodes cavities, the lines of C, N, O, and Al are used as 
internal standards [21]. The observed spectrum was calibrated by fitting the data with 
a polynomial of several degrees of freedom. This is done using a computer program 
called MOSFIT developed by G. J. Van Het Hof of Amsterdam [22] for the 
polynomial fit. The maximum degree of freedom can be up to 9 and there is no such 
maximum number of internal standards which can be used to fit the polynomial. In 
most of the cases we have used a 3 or 4 degree polynomial. The accuracy of the 
wavelength measurements for sharper lines is ± 0.005 A. 
3.5 Ionization Separation 
This is the most important part of the analysis. After the preparation of line 
list, ionization separation is done quite satisfactorily using the intensity variation and 
pole effect of spectral lines. The lines of different ionizations are discriminated b> the 
gradual introduction of the inductance coil in the discharge circuit. We made a 
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careful study of the intensity variation of the already known spectral lines of barium 
on different tracks of the various plates and find some regular variations in these. Ba 
IV lines appear on all tracks with either almost no change in intensity or increase in it. 
The intensity of Ba V lines falls sharply in the last track. The decrease in the intensity 
of Ba VI lines with increasing inductance is less than the same in the Ba VII lines, 
which shows a significant fall. The lines of Ba VI and Ba VII do not appear on lower 
tracks. The lines of Ba VIII and Ba IX also appear on our plates. They are present 
only on upper two tracks. 
As mentioned above, pole effect that is appearance of line on a track, is also a 
good criterion for determination of ionization stages. The lines of Ba IV appear as full 
length of the slit with uniform intensity on all tracks. The lines of Ba V becomes 
shorter (appear in the lower part) on the last track. The length of Ba VI lines is even 
shorter but more than that of Ba VII lines. 
3.6 Level Optimization 
The optimization of energy levels is done using the computer program KLAS 
developed by G. J. Van Het Hof of Amsterdam [23]. This program does not provide 
uncertainties in the level values when levels involved are more than ninety. To 
overcame this shortcoming, another program LOPT developed by A. Kramida [24] is 
used for this purpose. 
Chapter 4 
The Spectrum of Three Times Ionized Barium (Ba IV) 
4.1 Introduction 
The ground state configuration of the three-times ionized Barium (Ba IV) is 
5s^5p .^ This spectrum belongs to the neutral iodine (I I) isoeloctronic sequence. The first 
investigation of this spectrum was a fragmentary analysis done by Fitzgerald and Sawyer 
[25] in 1934. They reported value of the 5s^ 5p^ P^ ground term interval to be 17830 cm '. 
They also published several excited levels without assigning any designation to them. 
Later Moore [26] designated the first excited level with J=l/2 as 5s5p^ ^Si/2 in the Atomic 
Energy Levels compilation. Another measurement of this spectrum was done by Epstein 
and Reader [27] in 1976. It was much more accurate measurement with a sliding spark 
discharge on the 10.7 m normal-incidence vacuum spectrograph. They analyzed the 
resonance transitions from the level 5s5p S1/2 and hence produced the new level values 
of the 5s 5p and 5s5p configurations. With the help of these measurements they 
corrected the 5s^5p^ ^ P interval. In the same year P. Hellentin [28] in his study of Ba 111 
spectrum observed the resonance transitions from 5s5p S1/2 up to second and third order 
independently and reported the splitting in the ground term to be 17540.0 cm"'. 
Sansonetti et al [29] extended the analysis by studying the 5s^5p ,^ 5s5p^, 5s'5p''5d and 
5s^5p''6s configurations. They classified thirty nine lines in the region 463-923 A as 
transitions between 5s^5p^ P^ and lowest excited configurations 5s5p^, 5s^ 5p'*5d and 
5s 5p 6s, and hence established 28 out of 30 levels of these three excited configurations. 
Recently, Murphy et al [30] recorded the extreme ultra violet (EUV) photo absorption 
spectrum of Ba IV, Ba V and Ba VI. They studied 4d'°5s^5p^ - 4d''5s^5p^ transitions in 
which a 4d electron is promoted into the 5p shell. More recently, in 2010 Sansonetti and 
Curry published a complete compilation on Ba ions; Ba III- LVI [31]. In the present work 
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we have extended the analysis by including Ss^ Sp"* (6d+7d+7s+8s) and 5s^5p 6p 
configurations. 
4.2 Energy Level Structure of Ba IV 
The ground configuration of Ba IV is 5s^5p .^ The terms and energy levels arising 
from the configurations of Ba IV are as follows: 
5s^ 5p^ 
5s5p^ : 
5s^ 5p'*ns : 
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4.3. Analysis and Discussions: 
4.3.1. Even Parity Configurations 
Ab initio calculations 
The ab-initio calculations of Ba IV spectrum were carried out with Hartree-Fock 
(with relativistic correction HFR) and least square fitted (LSF) techniques using Cowan 
computer code (RCN, RCN2, RCG and RCE) [7]. In the initial calculation for even parity 
matrix we incorporated almost all interacting configurations i.e. 5s5p^, Ss^ Sp"* (5d+ 6d + 
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7d + 8d), Ss^Sp'' (6s + 7s + 8s + 9s), 5s5p^4f and 5s5p^6p. The relative positions and 
energy spread of these configurations are shown in Fig. 4.1 and Fig. 4.2 respectively. The 
energy parameters used to locate the energy levels of new configurations and the 
transition arrays were derived from the scaling factors i.e. the ratio of LSF value to HF 
value in the 11 isoelectronic sequence viz. 11, Xe II, Cs III, La V [32-37]. 
Fig.4.1. E Av (HF)/Z value for even parity configurations in I 1 sequence from 1 1 to La V. 
E av is the centre of gravity of the configuration obtained using relativistic Hartree-Fock 
calculations, and Z is the charge number (Z = 1 for I I, 2 for Xe II and so on). 
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Fig.4.2. Energy spread of various even parity configurations in Ba IV; filled rectangles 
represent the analyzed configurations. 
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5s^ 5p^  - [SsSp** + 5s^ 5p'* (5d+6s)] transition array 
As mentioned above this array was reported earlier by Sansonetti et al [29]. It was 
necessary to verify the earlier published work before extending the analysis; therefore, 
we started the present work with the verification of earlier work [29] and confirmed all 
the previously reported levels of 5s5p^, 5s^ 5p'*5d and 5s^5p''6s configurations. We too 
could not observe any strong transition to the level (^ P) ^Pi/2 of 5p 5d configuration 
marked as tentative in earlier work. We confirmed the earlier assignment of J value to the 
levels lying at 198434.0 and 198870.4 cm'; however this could further be confirmed 
with the help of transitions to the levels of 5s^ 5p'*4f configuration. Once all the levels of 
5s^5p''6p configuration (discussed in section 4.3.2) were established, it was easy to search 
for those levels of Ss'Sp '^Sd configuration which did not combine with the ground term 
i.e. the levels with J>7/2. All five levels of J=7/2 were located satisfactorily based on a 
pair of transition each. Both the levels with J=9/2 have a pair of transitions with the J=7/2 
levels of 5s 5p'*6p configuration, but each of these two levels have a single strong 
predicted transition in the pair, hence these two levels are based on single transitions 
which have a fairly good Ba IV character. The (^ P) ''P5/2 level of 5s^ 5p'*6s configuration 
was also located with the help of identification of transition from 5s*'5p''6p configuration. 
We have adopted LS designation for assigning name to the levels of 5s5p^ and Ss^ Sp"* 
(5d+6s) configurations. These three configurations are highly mixed. Name assigned to a 
few of the levels of Ss'Sp^Sd configuration namely CofPyi, ('D)^D3/2, ('0)^3/2, 
('D)^F5/2, (^P)^P3/2, (^P)^PI/2 and ('8)^05/2 are not the leading LS component due to strong 
mixing of these levels. 
5s^ 5p'*6p - [Ss^ Sp"* (6d+7d+7s+8s)] transition array 
After satisfactory analysis of the Ss^Sp'' (5d+6s) configurations, we applied the 
same parametric scaling for the Ss'Sp"* (6d+7d+7s+8s) configurations and obtained a 
much closer prediction of energy levels. Transitions from the levels of Ss'Sp"* 
(6d+7d+7s+8s) configurations to the ground levels lie in the region where the reflectivity 
of the plates is poor. Hence we could not observe these transitions. The levels of 5s'5p'* 
(6d+7d) and Ss^ Sp"* (7s+8s) configurations are established by the identification of 
transitions to the newly located levels of the 5s^5p''6p configuration. We could establish 
all levels of 5s^ 5p'*7s configuration. Out of possible 28 levels of 5s^ 5p'*6d configuration 
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we could establish only 23 levels with satisfaction. In addition 6 levels of the 5s 5p 8s 
configuration and 15 levels of the 5s^5p''7d configuration were also established. It is clear 
from figure 4.2 that the configurations 5s^5p''(7d+8d+8s+9s) and 5s5p^4f are overlapping 
therefore a few levels of 5s'5p''7d, 5s^5p''8d and 5s5p^4f configurations are mixed. All 
levels of 5s^ 5p'*7s and Ss^ Sp^ 'Ss configurations could be designated by their leading LS 
component. More than 65% levels of 5s^ 5p'*6d configuration have their leading 
component greater than 50% and could be named on these. Three levels namely ( P) Pm, 
(^ P)^ D3/2 and (^P/P3/2 of 5s^5p''6d configuration are named on their second highest LS 
components. Since the levels of 5s^ 5p'*7d configuration are mixed with those of 5s 5p 8d 
and 5s5p^4f configurations, therefore the purity of these levels are poor; only 35% levels 
have their leading component greater than 50%. 
4,3.2. Odd Parity Configurations 
Ab initio calculations 
For odd parity system the ab-initio calculations were carried out by including the 
5s'5p^ 5s^5p'' (4f + 5f + 6f), 5s^5p'' (6p + 7p + 8p), 5s5p^5d and 5s5p^6s configurations. 
The excitation from 5s^ 5p'*5d, 5s^5p''6s and 5s5p^6p configurations gives rise to these 
configurations. The initial parametric scaling for these configurations was set as; Eave and 
q were kept at 100%, F'' was taken as 85%, G*" as 75% and R'' was kept at 75% of their 
HFR values. Relative average energies and Energy spread of a few of these 
configurations are shown Fig. 4.3 and Fig. 4.4 respectively. 
[5s5p*+ Ss^ Sp'* (5d+6s)] - 5s^ 5p 6^p transition array 
It is clear from figure 4.4 that the two lowest excited configurations in odd parity 
matrix are 5s^ 5p'*4f and 5s^5p'*6p. First, we consider 5s^ 5p'*4f configuration. Most of the 
transitions of [5s'^ 5p 5d - 5s^5p''4f] transition array fall outside the present wavelength 
region of investigation. Therefore 5s'5p'*4f configuration could not be studied in the 
present work. Next we consider the 5s^ 5p'^ 6p configuration. Since most of the transitions 
of [5s 5p (5d+6s) - 5s 5p 6p] transition array lie in the region studied, all levels of 
5s 5p 6p configuration were established successfully; however a few levels still need 
further confirmation through transitions which lie above 2080 A. The scaling factors of 
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fitted energy parameters of 5s'5p'^ 6p configuration closely resemble with those of Cs III. 
Though the purity of LS coupling is not better than JK coupling; however we retain the 
LS designation for the sake of completeness in our study of barium ions. All but one level 
of 5s 5p 6p configuration could be designated by their leading LS components. 
Fig.4.3. E Av (HF)/Z value for odd parity configurations in 11 sequence from 11 to La V. 
E av is the centre of gravity of the configuration obtained using relativistic Hartree-Fock 
calculations, and Z is the charge number (Z = 1 for 11, 2 for Xe II and so on). 
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?s'5p' 5p^ 4f -''P^ 6p 5p^f 5p'7p 5s5p-5d 5p6f 5p8p jsjpfe 
1 r 
Fig.4.4. Energy spread of various odd parity configurations in Ba IV; filled rectangles 
represent the analyzed configurations. 
We found reasonably good agreement with theoretical calculations. The standard 
deviations for even and odd parity configurations were found to be 265 cm"' and 308 cm"' 
respectively. All the classified lines of the spectrum are given in Table 4.1. The least 
square fitted energy levels of both parities along with their LS percentage composition 
are given in Table 4.2 and the corresponding fitted energy parameters along with their 
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scaling factor (LSF/HFR) in Table 4.3. The optimization of energy levels is done using 
the program LOPT [24]. 
Energy level diagram of Ba IV is given in Fig. 4.5. It shows the transitions and 
energy levels studied in the spectrum. 
Fig.4.5 Energy level diagram of Ba IV. Energy levels and transitions shown in black 
colour are analyzed by Sansonetti et al [29] and that shown in red and blue colour are 
studied in the present work while that in cyan colour are not studied. 
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4.4 Ionization Potential 
The present analysis covers three members of 5s^5p''nd and Ss^ Sp^ns series. It 
gives an opportunity to determine the series limit. Although the mixing of the levels was 
quite strong, but still a few levels maintained more than 50 percent purity in all three 
members of the series. We determined the series limit by applying the Ritz formula with 
four sets of 5p''ns series as these levels have greater purity than the levels of 5p'*nd series. 
The first set of levels in ns series, namely 5p'*6s (^ P)^ P3/2 gave the series limit 378024 cm 
' converging to the ground most level P^a (0 cm"') of Ba V. The second set of 5p^6s P^ 
(''Pi/2) levels gave the series limit 390901 cm''; itconverge to the P^o (11302 cm'). The 
third set of 5p''6s ( 'D) '^?y2 levels gave the series limit 402479 cm"' converging to the ' D : 
(24720 cm"'). Finally the last set of 5p^6s ('S) ^Si/2 levels gave the series limit 430392 
cm"' converging to the 'So (51181 cm"'). After subtracting the corresponding level values 
from the series limits we get the values 379599 cm"', 377759 cm"' and 379212 cm"' from 
second, third and fourth set respectively. Therefore we adopt the value 378650 ± 1000 
cm"' or 46.9466 ± 0.1240 eV. Sansonetti et al [29] calculated the ionization potential 
and gave the value 379300 ± 2700 cm'or 47 ± 0.33 eV. 
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° Intensity figures are visual estimate o 
*" In log(gf), frepresents the oscillate 
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c In gA, A represents the transition probability and g the statistical weight 2Ju+I of the upper level 
''Transition probabilities (gA) obtained by Cowan's code. 
^ Observed wavelength value - Ritz value 
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--h Table 4.2 Calculated and observed energy levels (in cm') of Ba IV 
and percentage LS composition 
J E(Obs) E(LSF) diff. LS Composition 
Odd Parity Configurations 
1/2 17550.1 17550.0 0.1 
- 175373.0 
- 191906.0 
215601.2 215666.0 -64.8 
225432.4 225353.0 79.4 
228446.5 227757.0 689.5 
234563.2 234668.0 -104.8 
246966.4 247106.0 -139.6 
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+ 17% 5s ' 5p ' ' 7p (WD 
- 303979.0 - 62% 5s 5p' 5d ( 'P) ' 'F + 8% 5s 5p^ 5d CPfU 
+ 7% 5s'5p' '5f{'D)'F+ 5%5s5p'5d ( W D 
- 311041.0 - 78% 5s'5p' '7p( 'D) 'F+ 9%5s ' 5p ' ' 7p (WD 
+ 7% 5s' Sp" 7p ( ' D ) ' D + 5% 5s' 5p'' 7p C?fD 
- 313618.0 - 80% 5s' Sp" 7p ( ' D ) ' D + 7% 5s' 5p'' 7p (^P)''P 
+ 6% 5s' Sp" 7p ('D)'F 
- 315527.0 - 57% 5s 5p'5d (^P)''D + 1 3 % 5 S 5p'5d ( 'P J 'F 
+ 13% 5 s 5 p ' 5 d ( W D + 6% 5s 5p'5d ( ¥ ) ' F 
- 317413.0 - 53% 5s5p'5d (^P) 'D +32%5s5p '5d (-'P)'F 
+ 5% 5s 5p' 5d C?fD 
- 325841.0 - 52% 5s 5p'5d ( ¥ ) ' F + 22% 5S 5p'5d ( ¥ ) ' D 
+ 13% 5s 5p'5d ( ^ / D + 5%5s5p*5d ('P)Y 
- 326954.0 - 71% 5s'5p''5f ( ' S ) ' F + 1 l%5s'5p' '5f ( ^ f O 
+ 6% 5s' 5?" 5f (¥) 'D 
- 333473.0 - 97% 5s 5p' 6s (¥)''P 
- 348406.0 - 89% 5s 5p' 5d ( ' P ) ' F 
- 357263.0 - 93% 5s 5p' 5d ('P)'D 
7/2 - 166335.0 - 82% 5s'5p''4f('P)' 'F+ 5%5s'5p''4f (^P)''G 
+ 5% 5s'5p'4f( 'D) 'F 
- 181087.0 - 45% 5s'5p' '4f('P)'F + 20%5s'5p''4f(^P)''G 
+ 17% 5s' Sp" 4f (^P)'G + 10% 5s' Sp" 4f (^P)''D 






216723.0 216978.0 -255.0 
- 225907.0 















52% 5s^ Sp" 4f ('P)''G + 20% 5s' 5?" 4f ('P)'D 
+ 16% 5s'5p' '4f( 'S)'F+ 5%5s'5p' '4f( 'P)¥ 
54% 5s' Sp" 4f ( ' P / D + 24% 5s' Sp" 4f ( ' P ) ' F 
+ 14% 5s'5p''4f(¥)' 'G 
69% 5s' Sp"* 4f (^P)'G + 14% 5s' Sp" 4f ( ¥ ) ' F 
+ 6% 5s'5p''4f(^P)''D+ 5%5s'5p' '4f('S)'F 
77% 5s^5p''4f('D)'F+ 7% 5s'5p''4f (^j^F 
+ 6% 5s'5p' '4f( 'S)'F+ 4%5s'5p' '4f( 'P)'G 
87% 5s' Sp" 4f ('D)'G + 10% 5s' 5?" 4f ('P)'F 
84% 5s' 5?" 6p ( 'P/D + 16% 5s' 5?" 6p ( ' D ) ' F 
68% 5S ' Sp" 4f ( ' S ) ' F + 14% 5s' 5p'' 4f ( ' D ) ' F 
+ 6% 5s' Sp" 4f CPfG + 6% 5s' 5?" 4f ( 'P) ' 'D 
84% 5s' Sp" 6p { 'D)'F + 16% 5s' 5p'' 6p (^P)''D 
63% 5s' Sp" 5f ( 'P) ' 'F + 12% 5s' 5p'' 5f (^j^G 
+ 10% 5s'Sp" 5f (^P)''D + 7% 5s'5?" 5f ('D)'F 
60% 5s' 5p'' 5f ( ¥ ) ' F + 14% 5s' 5p'' 5f (^P)'G 
+ 7% 5s'Sp" 5f ( ' D ) ' G + 7% 5s'Sp" 5f (^P/D 
39% 5s' 5p'' 7p ( ¥ ) ' ' D + 17% 5s' 5p'' 5f C?fD 
+ 13% 5s'5p' '5f( 'S)'F+ 8%5s'5p''5f('P)''G 
44% 5s' Sp" 7p CPfD + 12% 5s' 5p'' 5f (^P/G 
+ 12% 5s' Sp'' 5f ( ' S ) ' F + 11% 5s' 5p'* 5f (^P)'G 
39% 5s' Sp" 5f ( 'P) ' 'G + 27% 5s' Sp" 5f (^P) 'G 
+ 25% 5s '5p ' '5f(¥) 'F+ 5%5s'5p' '5f(¥)' 'F 
47% 5s' 5p' 5f ('P)''D + 32% 5s' Sp" 5f (¥) 'G 
+ 15% 5s'5p''5f ( ^ / G 
55% 5s5p'5d ( ^ P / F + 24%5s'Sp^Sf ( ' D ) ' F 
+ 8% 5s 5p'5d ( 'P) ' 'D + 6%5s'5p' '5f('D)'G 
48% 5s' Sp" 5f ('D)'F + 30% 5s' Sp" 5f ( ' D ) ' G 
+ 6% 5s 5p^ 5d ('?)"¥ + 5% 5s' Sp"* 5f ('P)'F 
52% 5s' 5?" 5f ( ' D ) ' G + 18% 5s 5p' 5d (^j 'F 
+ 13% 5s'5p' '5f( 'D)'F+ 8%5s'5p''5f('P)^F 
48% 5s 5p' 5d (¥)''D +41% 5s 5p' 5d ( ' P ) ' F 
+ 5% 5s'5p' '7p('D)'F 
78% 5s' 5p'' 7p ( ' D ) ' F + 14% 5s' Sp" 7p ( 'P) ' 'D 
+ 5% 5s 5p' 5d CPfD 
49% 5s5p^5d ( ¥ ) ' F +31%5s5p '5d (^P)''D 
+ 12% 5s 5p^ 5d (^P)''F + 5% 5s 5p' 5d ( ' P ) ' F 
72% 5s'5p' '5f( 'S)'F+ 7% 5s '5p '5f ( ¥ ) ' ' D 
+ 7% 5s'5p' '5f( 'P)'G+ 5% 5s'5?" 5f ('P)'F 
92% 5s 5p* 5d ( ' P ) ' F 
9/2 167329.0 
176076.0 
84% 5s' Sp" 4f ( 'P/F + 9% 5s' Sp" 4f {'P)''G 
+ 5% 5s'5p''4f('D)'G 
43% 5s' Sp" 4f ('P)'G + 28% 5s' Sp' 4f ('P)''G 
+ 27% 5s'5p''4f('D)'H 

























5s^ 5p'' 4f {¥)''G + 23% 5s^ 5?" 4f ( 'P)2G 
5s' Sp" 4f ('P)"? + 5% 5s^ 5p'' 4f ('D)'G 
5s' Sp" 4f ('D)'H + 25% 5s' 5p' 4f ( ' P ) ' G 
5s' Sp" 4f ( ' D ) ' G + 7% 5S' 5p'' 4f ('P)'G 
5s' Sp" SfCPfF + 20% 5s' Sp' 5f (^P/G 
5s' 5p' 5f ( ' D ) ' G + 5% 5s' 5p' 5f ('P)'G 
5s' Sp" 5f ('P)'G + 21% 5s' 5p' 5f (¥)''G 
5s' 5p'' 5f ('D)'H 
5s' Sp" 5f (^P)''G + 25% 5s' Sp" 5f ('Pj'F 
5s' 5p'' 5f (^P)'G + 7% 5s 5p' 5d (¥) 'F 
5s 5p' 5d C?f¥ + 8% 5s' 5p'' 5f ( ' D ) ' G 
5s' 5p'' 5f (^P)''G 
5s' 5p'* 5f ( ' D ) ' H + 13% 5s' 5p' 5f (^P)'G 






79% 5s' 5?" 4f ('P)''G + 21% 5s' 5p'' 4f ( ' D ) ' H 
79% 5s' 5?" 4f ('D)'H + 21% 5s' 5p'' 4f ('P)''G 
84% 5s' Sp" 5f (^P)''G + 16% 5s' Sp" 5f ( ' D ) ' H 
84% 5s' 5?" 5f ( ' D ) ' H + 16% 5s' Sp" 5f (¥)''G 
Even Parity Configurations 
1/2 125805.0 125794.0 11.0 
146523.2 146416.0 107.2 
158464.7 159106.0 -641.3 
159673.0 159543.0 130.0 
191137.9 191054.0 83.9 
198870.4 198775.0 95.4 
200573.6 200600.0 -26.4 
- 207072.0 
230922.6 230958.0 -35.4 
265320.7 265333.0 -12.3 
268086.7 267963.0 123.7 
280397.1 280153.0 244.1 
























5s5p° + 34%5s'5p' '5d( 'DfS 
5s' Sp'' 5d (^P/D + 18% 5s' Sp"* 5d ('D)'P 
5s' Sp" 5d ('P)'P + 9% 5s' Sp" 5d ('Pj^P 
5s' Sp" 5d (^P)'P + 29% 5s' 5p' 5d ( ' D ) ' P 
5s' Sp" 5d (^P)''D + 14% 5s' Sp"* 5d (^P)'P 
5S ' Sp" 5d {'P)'P + 23% 5s' 5?" 5d CpfD 
5s' 5p' 6s ('P)'? + 26% 5s' Sp" 6s ('S)'S 
5s' Sp" 6s (^P)'P 
5s' Sp* 6s ('P)'P + 14% 5s' Sp" 6s (^PfP 
5s' Sp" 5d ('P)'P 
5s' Sp'' 5d ('D)'P + 27% 5s' Sp" 5d {¥)'P 
Ss' Sp' 5d ('D)'S + 11% 5s 5p6 'S 
5s'5p' '5d('D)'S + 20%5s5p6 'S 
5s' Sp" 5d ('P)'P + 13% 5s' Sp'' 5d ( ' D ) ' P 
5s' Sp" 6s ('S)'S + 17% Ss' Sp" 6s ('P)'P 
5s' Sp" 6s ('P)'P 
5s' Sp" 6d ('P)"P + 28% Ss' Sp" 6d ('P)"D 
5s' Sp" 6d f P)'P + 19% Ss' Sp" 6d ( ' D ) ' P 
Ss' 5p" 6d {'P)"P + 33% Ss' Sp" 6d (V)'P 
Ss' 5p" 6d ( ' D ) ' S 
Ss' 5p" 6d (¥)"D + 18% Ss' Sp" 6d ('P)'P 
Ss' 5p" 6d ('P)"P + 5% 5s' Sp" 6d ('D)'P 
Ss' 5p" 7s (¥)"P + 30% Ss' Sp" 7s ('S)'S 
50 Table 4.2 continued 
288954.4 288917.0 37.4 
290438.3 290220.0 218.3 
293190.9 292968.0 222.9 
- 306046.0 
- 308382.0 
309431.3 309497.0 -65.7 
322402.0 322213.0 189.0 





332167.8 332286.0 -118.2 






























5s^ 5?" 7s CPfP 
5s^ 5?" 7s (^PfP + 27% 5s^ Sp" 7s (^P)"? 
5s^ 5p'' 6d ( 'D)^S + 16% 5s^ Sp" 6d ( 'D)¥ 
5s^ 5p'' 6d i^PfP 
5s^ 5p'' 6d ('Df P + 26% 5s^ 5p'' 6d ('pfP 
5s2 5p''6d('D)'S 
5s 5p' 4f ( 'F) ' 'D 
Ss^ ' 5p'' 7d (¥ ) ' ? + 17% 5s^ Sp" 7d (¥)''D 
5s^ 5p'' 7d ( 'D)^P + 12% 5s^ Sp"* 7d ('P)^P 
5s^ 5p'' 7d CPfP + 28% 5s^ 5p'' 7d (^PfP 
5s^5p''7d('D)^S 
5s2 5p'' 8s (¥)"? + 25% 5s- 5p'' 8s ('S)^S 
5s^ 5p'' 8s (^ P)^ P 
5s^ 5p'' 7s ('S)^S + 19% 5s^ 5p'' 7s CPfP 
5s^ 5p'' 7s {^ P)^ P 
5s^ 5p'' 7d ( 'P) ' 'D + 17% 5s^ 5?" 7d ( ¥ ) ¥ 
5s^ 5p'' 7d ('Pj'P 
5s^ 5p'' 8s ( ¥ ) ¥ + 28% 5s^ 5p'' 8s {^PfP 
5s^ 5p' 8d CPfP + 20% 5s^ 5p'' 8d ( ¥ / D 


























5s^ Sp'' 8d {'P/P + 19% 5s^ Sp' 8d ( ¥ ) ¥ 
5s^ Sp" 8d ( 'D)^S + 8% 5s^ Sp" 7d ( ' D ) ¥ 
5s^ Sp" 7d ('D)^S + 14% 5s' Sp" 7d ( 'P)^ 
5s' Sp" 7d ('D)'P 
5s' Sp" 7d ('D)'P + 17% 5s' Sp" 7d (^P)'P 
5s' Sp" 7d ('D)'S + 8% 5s' Sp' 8d ('P)'P 
5s' Sp' 9s ('P)''P + 26% 5s' 5p' 9s ( 'Sf S 
5s' Sp" 9s (¥) 'P 
5s' 5p' 8d C?fD + 17% 5s' Sp' 8d (¥) 'P 
5s' Sp" 8d ('P)''P 
5s' Sp" 9s (^P)'P + 31% 5s' Sp" 9s (^P/P 
5s' Sp' 8d ('D)'S + 13% 5s' Sp' 8d ( ¥ / P 
5s' Sp" 8d ( ' D ) ' P 
5s' Sp" 8d ('D)'P + 14% 5S ' Sp" 8d {¥)'P 
5s'5p''8d{'D)'S 
5s' Sp' 8s ('S)'S + 17% 5s' Sp" 8s {¥)V 
5s' Sp" 8s ('P)'P 
5s5p'6p (¥) 'S +30%5s5p '6p (¥) 'P 
5s 5p' 6p ( 'P/P + 16% 5s 5p' 6p ( 'P/D 
5s 5p-' 6p (^P)''D + 33% 5s 5p' 6p (¥) 'S 
5s 5p' 6p CPfP + 5% 5s 5p' 6p ('P)'S 
5s 5p' 6p i^PfP + 33% 5s 5p' 6p ( ' P ) ' D 
5s 5p' 6p (^P)'P 
5s' Sp" 9s ('S)'S + 17% 5s' Sp" 9s ('PfP 
5s' Sp" 9s (^P)'P 











































































































































5s 5p' 6p C?f? + 29% 5s 5p-' 6p ('P)^S 
5s 5p' 6p (^P)''D 
5s 5p' 6p ('P)^S + 8% 5s 5p' 6p ('P)^P 
5s 5p' 6p (^P/P 
5s 5p' 6p ('P)^P + 9% 5s 5p' 6p ('P)^S 
5s^ 5p'' 5d ('P)''D + 10% 5s- 5p'' 5d ^Pf? 
5s^ 5p'' 5d ( 'D)^D 
5s' Sp" 5d ('P)''P + 16% 5s^ 5p'' 5d ( ' S ) ' D 
5s^ 5?" 5d ( ' P ) ' D + 12% 5s' 5p'' 5d ( ' D ) ' D 
5s' Sp" 5d ('?)'? + 15% 5s' 5p*' 5d CP)"? 
5s'5p' '5d('S)'D 
5s' 5p'' 5d {^PYD + 24% 5s' Sp" 5d ( ' D ) ' D 
5s' 5p'' 5d (^P) 'P + 13% 5s' 5?" 5d ( ' D ) ' P 
5s' 5?" 5d ( ' D ) ' P + 28% 5s' Sp" 5d (¥ ) ' ? 
5S' 5p'' 5d (^P)'P + 5% 5s' 5p'' 5d ( ' D ) ' D 
5s' Sp" 6s (^P)'P + 23% 5S' 5p'' 6s ('?)"? 
5S' 5p'' 6s ( ' D ) ' D 
5s' 5p'' 5d ( ' S ) ' D + 29% 5s' 5p'' 5d ( ' D ) ' P 
5S ' 5p'' 5d (¥) 'P +. 8% 5s' 5p'' 5d ( ' D ) ' D 
5s' 5p'' 6s (^P)"? + 21% 5s' 5p'' 6s ('P)'P 
5s' 5p'' 5d ( ' D ) ' D + 25% 5s' Sp" 5d (¥) 'P 
5s' 5?" 5d ( ¥ ) ' D + 12% 5s' 5p' 5d ( ' D ) ' P 
5s' 5?" 6s ( ' D ) ' D + 19% 5s' Sp" 6s (¥) 'P 
5s' 5p'' 5d (^P) 'D + 35% 5s' 5?" 5d ( ' S ) ' D 
5s' Sp" 5d CPfP + 5% 5s' 5p'' 5d ( ' D ) ' D 
5s' 5p'' 6d ( 'P) ' 'D + 25% 5s' Sp" 6d ('?)"? 
5s' 5p'' 6d ( ' D ) ' D + 5% 5s' 5p'' 6d (^P) 'D 
5s' 5p'' 6d ( ¥ ) ' ? + 31% 5s' Sp"* 6d ('P)'D 
5S' 5p'' 6d CPfP + 10% 5s' Sp' 6d ( ' D ) ' P 
5s' 5p'' 7s CPfP + 17% 5s' 5p' 7s ( ' D ) ' D 
5s' 5p'' 7s (¥)''P 
5s' 5p'' 6d CPfF + 27% 5s' 5p'' 6d ('S)'D 
5s' 5p'' 6d ('P)'P + 9% 5s' Sp" 6d ( ¥ ) ' ' D 
5s' 5p'' 6d ( ^ / D + 24% 5s' 5p'' 6d (¥)"? 
5s' 5p'' 6d ('?)"? + 13% 5s' 5p'' 6d (^P)'D 
5s' 5p'' 6d (¥) 'P + 17% 5s' Sp" 6d (^P)'D 
5s' 5p'' 6d ( ^ / F + 5% 5s' 5p' 6d ('D)'P 
5s' 5p'' 7s CPfP + 18% 5s' Sp" 7s (¥) 'P 
5s' 5p'' 6d ('D)'P + 13% 5s' 5p'' 6d ( V / P 
5s' 5p'' 6d ( ' D ) ' D + 20% 5s' 5p'* 6d ('P)'D 
5s' 5p'' 7s ( ' D ) ' D + 15% 5s' 5p'' 7s (^P)'P 
5s 5p' 4f (^F)''D + 19% 5S' 5p'' 7d ( ^ / D 
5s' Sp" 7d (¥)••? 
5s 5p^ 4f CFfD + 2 1 % 5s' 5p'' 7d (^ P)"*? 
52 Table 4.2 continued 
310209.5 310083.0 126.5 
310731.7 310782.0 -50.3 
- 316254.0 
319693.2 319774.0 -80.8 
324571.0 324020.0 551.0 







332547.8 332593.0 -45.2 
- 334046.0 























































5s^ 5p'' 7d CPfD + 7% 5s^ 5p'' 7d ('D)^D 
5s^ 5p'' 7d C?fD + 25% 5s^ 5p'' 7d (^P)"? 
5s^ 5p'' 7d (¥)^P + 9% 5s^ Sp" 7d ( 'D)¥ 
5s^ 5p'' 8s CPfP + 15% 5s^ Sp" 8s {'?)"? 
5s'5p' '8s('D)'D 
5s' 5?" 6d ('S)'D + 12% 5s' 5p'' 6d ('P)''F 
5s' 5p'' 6d ('P)'D + 6% 5s' 5p'' 6d ('P)'P 
5s' 5p'' 7d ( ^ P / F + 25% 5s' 5p'' 7d ( ' S ) ' D 
5s' Sp" 7d ('P)''D + 8% 5S' Sp" 7d ('P)'P 
5s 5p' 4f (^F)'D + 19% 5s' 5p'' 7d (^P)'P 
5s 5p' 4f ( ^ / F + 9% 5s' Sp' 7d ( 'P) ' 'F 
5s' Sp' 7d (^P)''D + 22% 5s 5p' 4f (¥ ) 'D 
5s' 5p'' 7d CPfP + 15% 5s' Sp' 7d ( ' P ) ' D 
5s' Sp" 7d (^P) 'P + 19% 5s' 5p"' 8s (^P)"? 
5s' Sp" 7d ( ¥ ) ' D + 15% 5s 5p' 4f (^F)'D 
5s' Sp" 8s ( ^ / P + 13% 5s' Sp" 8s (¥) 'P 
5s' Sp" 7d (¥) 'P + 5% 5s' 5p'' 7d ('P)'D 
5s 5p' 4f ( ^ f F + 12% 5s 5p' 4f {^F)'D 
5s 5p' 4f ('Ff D + 6% 5S' Sp'* 7d ('P)'*F 
5s' Sp" 8d ('P)''D + 32% 5s' Sp" 8d ('P)'P 
5s' Sp" 8d ( ' D ) ' D + 5% 5s' Sp" 8d ( ¥ ) ' D 
5s' Sp' 7d ( ' D ) ' P + 18% 5s' Sp" 8d (¥)''P 
5s' Sp' 8d ('P)'D + 15%) 5s' Sp"* 8d (¥) 'P 
5s' 5p'' 9s (^P)'P + 12% 5s' 5p' 7d ( ' D ) ' P 
5s' Sp" 9s ( ¥ ) ' ? + 11% 5s' Sp" 9s ( ' D ) ' D 
5s' Sp" 7d ( ' D ) ' P + 15% 5S' Sp' 9s ('P)'P 
5s^ Sp" 8d (^P)'D + 5% 5s' Sp" 7d ( ¥ / P 
5s' Sp" 7d ( ' D ) ' D + 9% 5s' Sp' 7d ( ¥ ) ' D 
5s' Sp' 8d (¥) 'P + 4% 5s' Sp' 8d ( ¥ / P 
5S ' Sp" 8s ( ' D ) ' D + 12% 5s' Sp" 8s ('P)'P 
5s' Sp' 8d ( ¥ ) ' ' F + 26% 5s' Sp" 8d ('S)'D 
5s' Sp' 8d ('P)''D + \2% 5s' Sp" 8d (¥) 'P 
5s' Sp" 8d ( ^ / D + 27%, 5s' Sp" 8d ( ^ / P 
5s' 5?" 8d ( ¥ ) ' F + 15%> 5s' Sp" 8d ( ' P ) ' D 
5s' Sp"* 8d (¥) 'P + 26% 5s' Sp'' 8d ( ¥ ) ' D 
5s' 5p' 8d ( ¥ ) ' ' F 
5S ' 5p' 9s ( ^ / P + 17%o 5s' Sp" 9s ('pfP 
5s' Sp" 8d ('D)'P + 10%> 5s' 5p'' 8d CPfP 
5s' Sp" 8d ( ' D ) ' D + 9%> 5s 5p' 4f ( ' F ) ' D 
5s' Sp" 8d ( ' P ) ' D 
5S ' Sp" 9s ('D)'D + 12% 5s' Sp" 9s {¥)'P 
5s 5p' 4f ('F)'D + 33%> 5s' Sp" 7d ('S)'D 
5s' Sp" 8d ( ' D ) ' D + 6%, 5s' Sp" 7d ( 'P )^ 
5s 5p' 4f ('F)'D + 36% 5s' Sp" 7d ('S)'D 
Ss"" Sp" Id CPf¥ 









5/2 143961.7 143788.0 173.7 
161782.8 161338.0 444.8 
163808.6 163970.0 -161.4 
170810.6 170732.0 78.6 
172999.6 173359.0 -359.4 
178668.8 178458.0 210.8 
180099.1 180219.0 -119.9 
197539.0 197637.0 -98.0 
203101.5 203214.0 -112.5 
205620.8 205612.0 8.8 
264033.3 264379.0 -345.7 
269439.1 269632.0 -192.9 
271144.1 271183.0 -38.9 
277574.3 277520.0 54.3 
282827.3 282953.0 -125.7 
283486.6 283450.0 36.6 













































5s 5p 6p 
5s 5p' 6p 
5s 5p' 6p 
5s 5p' 6p 
5s 5p' 6p 
5 s 5p' 6p 
5s^ 5p'' 8d 
5s^ 5p'' 8d 
5s 5p' 6p 
5s 5p' 6p 
5s 5p^ 6p 
5s 5p' 6p 
5s^ 5p'' 5d 
5s^ 5p'' 5d 
5s' 5p' 5d 
5s' 5?" 5d 
5s' 5p'' 5d 
5s' 5p' 5d 
5s' 5p'' 5d 
5s' 5?" 5d 
5s' 5p'' 5d 
5s' 5p'' 5d 
5s' 5p'' 6s 
5s' 5p'' 6s 
5s' 5p'' 6s 
5s' 5p'' 5d 
5s' Sp" 5d 
5s' 5p'' 5d 
5s' 5?" 5d 
5s' 5p'' 5d 
5s' 5p'' 6s 
5s' 5p'' 6s 
5s' 5p'' 6d 
5s' 5?' 6d 
5s' 5?" 6d 
5s' 5p'' 6d 
5s' Sp'' 7s 
5s' Sp" 6d 
5s' Sp' 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' Sp' 6d 
5s' Sp' 6d 
5s' Sp" 6d 
PfS +21%5s5p '6p ('?)'? 
P)''D +34%5s5p '6p (¥) 'P 
P ) ' D + 9% 5s 5p' 6p CPfP 
P)'P + 39% 5s 5p'' 6p ( 'P) ' 'D 
P ) ' D +37%5s5p-6p ('Pj^P 
P)''S 
'S)'D+12%5s'5p''8d(^P)''F 
' P ) ' D + 4% 5s' 5p'' 8d ('P)'P 
P ) ' D + 30% 5s 5p' 6p C?fP 
?fD + 9% 5s 5p' 6p (^P)'P 
P ) ' D + 7%5s5p'6p ('P)'P 
P)'P + 7%5s5p'6p ('P)'D 
'P) ' 'D + 6% 5s' Sp" 5d ( V ) ' F 
' D ) ' D + 5% 5S'Sp" 5d ( ¥ ) ' ' P 
^ f F + 7% 5S ' 5p'' 5d (^j 'D 
S ) ' D 
P)''P+ 15%5s'5p''5d('P)'F 
S ) ' D + 9% 5s' Sp'' 5d (^P) 'D 
D)'D + 21%5s'5p' '5d(¥)' 'P 
P) 'D+14%5s '5p ' '5d(¥) 'F 
¥ ) ' F + 22% 5s' Sp" 5d ( ' D ) ' F 
' D ) ' D + 5% 5S' 5p'' 5d (^P) 'D 
'P) ' 'P+ll%5s '5p ' '5d( 'D) 'D 
' D ) ' D 
' P /P + 25% 5S' Sp" 5d ( ' D ) ' F 
' D ) ' D + 6% 5s' Sp" 5d ('P)'P 
¥ ) ' D + 23% 5s' Sp" 5d ('D)'D 
' S ) ' D + 5%5s'5p' '5d('D)'F 
'S)'D + 36%5s'5p' '6s('D)'D 
3p)2p + 50/„ 5s2 5p4 6s (3p)4p 
'D)'D + 31%5s'5p' '5d('S)'D 
3p)4p 
¥)' 'D+12%5s'5p' '6d(^P)' 'P 
'P)''F+ 8%5s'5p' '6d('D)'D 
'P) 'D+19%5s '5p ' '6d(¥) 'F 
yfP + 10% 5s' Sp" 6d ( ' D ) ' F 
P)' 'P+16%5s'5p' '7s( 'D)'D 
'P)''F + 26% 5s' Sp" 6d ( ' S ) ' D 
3p)4p + jo/^ 5^2 gp4 g j (3pj2p 
3p)4p _^  320/„ 5s2 5p4 g j (.!pj4p 
P ) ' D + 6% 5s' Sp" 6d ( ' P ) ' F 
P ) ' F + 23% 5s' 5p'' 6d ( ¥ ) ' D 
P)' 'F + 5% 5s' Sp" 6d CPfP 
D ) ' D + 8%5s'5p' '6d('D)'F 
54 Table 4.2 continued 
291703.6 291512.0 191.6 
296004.9 296180.0 -175.1 
306872.5 307246.0 -373.5 
310185.8 310112.0 73.8 




320418.6 320370.0 48.6 
324541.7 324689.0 -147.3 



























































5s' 5p'' 6d (^P)''D + 5% 5s' 5p'' 6d ('?)"? 
5s' Sp" 6d ( ' D ) ' F + 1 1 % 5s' 5p'' 6d ( ¥ ) ' D 
5s' Sp' 6d ( ' D ) ' D 
5s' 5p'' 7s ( ' D ) ' D + 16% 5S ' 5p'' 7s (¥)"? 
5s' 5p' 7d ('P)"'D + 15% 5s 5p' 4f ( ¥ / D 
5S' 5p'' 7d (¥)"? + 11% 5s' 5p'' 7d CPfF 
5s' 5?" 7d (^P)'D + 29% 5s 5p' 4f ( ' F / D 
5s' 5p'' 7d (¥) 'F + 10% 5s' 5p'' 7d { 'D) 'F 
5s' 5p'' 8s (¥)"? + 13% 5s' 5p'' 8s ( ' D ) ' D 
5s 5p' 4f ( V / D 
5s 5p' 4f ( ^ / D + 14% 5s' Sp" 7d (¥)"? 
5s' 5p'' 7d ('P)'D + 8% 5s' 5p'' 7d ( 'P) ' 'D 
5s' 5p'' 6d ('S)'D + 8% 5s' 5p'' 6d ( ¥ ) ' F 
5s' 5p'' 6d (¥)''P + 6% 5s' 5p'' 6d (^Pfo 
5s 5p' 4f {^FfG + 12% 5s Sp' 4f ( ^ F / F 
5s 5p' 4f ( ' F ) ' F 
5s' 5p' 7d ('S)'D + 23% 5s' Sp" 7d ( > ) ' ' F 
5s' Sp' 7d ( 'P/D + 14% 5s' Sp" 7d (^P)"P 
5s' 5p'' 7d ( ^ f F + 25% 5s' 5?" 7d (¥) 'D 
5s' Sp" 7d (¥)"? 
5s' Sp" 7d ('P)'F + 21% 5s' 5p'' 7d ( 'P/P 
5s' 5p'' 7d (^P)''D + 8% 5s' 5p'' 7d ( ' P ) ' D 
5s 5p' 4f (^F)'D + 24% 5s 5p' 4f (^F) 'F 
5s 5p' 4f ( 'F) ' 'G + 8% 5s 5p' 4f ( 'F) ' 'F 
5s 5p' 4f ( ^ f F + 13% 5s 5p' 4f ( ¥ ) ' F 
5s' 5p'' 8d CPfD + 6% 5s' Sp"* 8d ( ^ / F 
5s' 5p'' 8d ( ¥ ) ' ' D + 18% 5s' Sp" 8d ('P)''P 
5s 5p' 4f (¥)''F + 9% 5s' 5p'' 8d { 'D) 'D 
5s' Sp" 8d (^P)'D + 26% 5s' Sp" 7d ( ' D ) ' D 
5s' 5p'' 8d (^P) 'F + 7% 5s' 5?" 8d { 'D) 'F 
5s' Sp"* 9s (^P)''P + 14% 5s' 5p'' 9s ( ' D ) ' D 
5s' 5p'' 7d ( ' D ) ' F + 29% 5s' 5p'' 7d ( ' D ) ' D 
5s' Sp" 7d (^P) 'D 
5S ' 5p' 7d ( ' D ) ' F + 28% 5s' 5p'' 7d ( ' D ) ' D 
5s' 5p'' 8d ( ¥ ) ' D + 5% 5s' 5p'' 7d (^P/D 
5s' 5p'' 8s ( ' D ) ' D + 14% 5s' 5p'' 8s CP)'P 
5s 5p' 4f (¥) 'F + 41 % 5s 5p' 4f ( ¥ ) ' D 
5s 5p' 4f CF)'G 
5S' 5p'' 8d ('S)'D + 20%> 5s' Sp" 8d (^P)''F 
5s' Sp" 8d (^Pl'D + 16% 5s' 5p'' 8d (¥)''P 
5s' Sp" 8d (¥)''P + 24% 5s' 5p'' 8d ( 'P) ' 'F 
5s' Sp" 8d (¥) 'F + 5% 5s' 5p'' 8d ^PfU 
5s' 5p' 8d (¥) 'F + 30%. 5s' 5p'' 8d ( ' P / F 
5s' Sp' 8d CPfD + 5% 5s' 5p'' 8d ( 'P) ' 'D 
5s' Sp" 8d ( ' D ) ' D + 7% 5s' Sp" 8d ( ^ / D 











7/2 144313.2 144384.0 -70.8 
153409.5 153423.0 -13.5 
165452.5 165356.0 96.5 
172432.2 172298.0 134.2 
183332.1 183148.0 184.1 
264477.4 264491.0 -13.6 




307655.2 307536.0 119.2 
308601.4 308505.0 96.4 















































5s^ Sp" 8d 
5s^ 5p' 8d 
5s^ 5p'' 9s 
5s 5p' 4f 
5s^ Sp" 8d 
5s^ 5p'' 7d 
5s 5p' 6p 
5s 5p' 6p 
5s 5p' 4f 
5s 5p* 6p 
5s 5p' 6p 
5s 5p' 6p 
5s^ Sp' 8d 
5s^ 5p'' 8d 
5s 5p' 6p 
5s^ 5?" 5d 
5s^ 5p'' 5d 
5s^ Sp" 5d 
5s^ 5p'' 5d 
5s^ 5p'' 5d 
5s^ Sp" 5d 
5s^ 5p'' 5d 
5s^ 5p'' 5d 
5s' 5p'' 5d 
5s' Sp" 6d 
5s' Sp" 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' 5p'' 6d 
5s' Sp" 6d 
5s' 5p'' 7d 
5s' Sp" 7d 
5s' 5p'' 7d 
5s' Sp'' 7d 
5s 5p' 4f 
+ 11% 5s5p'4f 
5s 5p' 4f 
5s 5p' 4f 
5s' Sp" 7d 
5s' Sp" 7d 
3p)4p 
' D ) ' F + 8% 5s' 5p' 8d ( ¥ ) ' D 
' D ) ' D + 14% 5s' Sp" 9s (¥)''P 
F ) ' D +26%5s'5p' '7d( 'S) 'D 
' D ) ' D 
'S)'D + 36% 5s 5p'4f ( ' F ) ' D 
^P) 'D +33%5s5p-6p ( W D 
3p)4p 
'F)'F 
'?)•*? +45%5s5p '6p ('P)'D 
'P)''D +32%5s5p '6p ('P)"? 
^P)'D + 6%5s'5p' '8d('S)'D 
'S)'D+ 6% 5s'Sp" 8d ('P)''D 
'P)'F + 5% 5s' Sp' 8d ('P)'P 
P)'D 
'P)' 'D+13%5s'5p''5d('P)' 'F 
'D)'F 
^P)'F + 34% 5s' Sp" 5d ('P)'F 
'D)'G 
^P)''F + 25% 5s' Sp" 5d ( ' P ) ' F 
^P)''D+ 8%5s'5p' '5d('D)'G 
'D)'G + 20% 5s' Sp'' 5d (^P)'F 
'D)'F 
'D) 'F+16%5s '5p ' '5d(¥) 'F 
^P/D + 23% 5s' Sp" 6d ('P)''F 
'D)'F 




P)''F + 29% 5s' Sp" 6d ( ¥ ) ' D 
3p)2p 
D)'G+12%5s'5p' '6d( 'P) 'F 
3p)4p 
' D ) ' F + 6% 5S'Sp" 6d (^P)''D 
3p)2p 
^PfD + 26% Ss' Sp" 7d ( ' P / F 
' D ) ' F + 4%5s5p-'4f ( 'F) ' 'D 
¥ ) ' F + 16% Ss' Sp" 7d ( ' D ) ' G 
3p)4p 
P / D + 15%5s5p'4f ( ^ F / F 
F)' 'G 
F)' 'G + 14% Ss Sp' 4f ( ^ F / D 
F)'G + 6%5s5p'4f {'F)'F 
^PfF + 29% 5s' Sp" 7d (¥)''D 
'P)'F + 5% 5s 5p' 4f ('Fj^F 














9/2 150214.9 150216.0 -1.1 
173036.6 172893.0 143.6 
266107.5 265758.0 349.5 


















































5s 5p' 4f (^ F)^ G + 1 1 % 5s 5p' 4f (¥)^F 
5s 5p' 4f {'F/F + 5% 5s 5p' 4f ( 'F) ' 'D 
5s 5p' 4f ('F)^F + 30% 5s 5p' 4f ^Fff 
5s 5p' 4f ( 'F/G + 5% 5s^ Sp" 8d ( 'P)¥ 
5s^ Sp" 8d ('P)''D + 15% 58^ Sp" 8d ( 'P) ' 'F 
5s^ Sp' 8d ( ' D ) ¥ + 12% 5s^ Sp" 8d (^ P)^ F 
5s^ 5p'' 7d ( 'D)^G + 21% 5s^ 5p' 8d ('P)^F 
5s^ Sp' 8d (¥)'*F + 7% 5s 5p' 4f (^F)''F 
5s^ 5p'' 7d ('Df G + 32% 5s^ 5p' 8d ( ¥ f F 
5s^ Sp" 8d ('P)''F + 6% 5s^ 5p'' 8d ( 'D)^G 
5s^ 5p'' 7d ( 'D)^F + 7% 5s^ Sp" 7d ('P)''D 
5s 5p' 4f (^F)¥ + 27% 5s 5p' 4f (^ F)^ G 
5s 5p' 4f ( 'F) ' 'F + 5% 5s 5p' 4f ( 'F) ' 'D 
5s^ 5p'' 8d ( ^ / F + 31% 5s^ 5p'' 8d (¥)''D 
5s^ 5p'' 8d (¥) 'F 
5s' 5p'' 8d ('D)'G + 12% 5s 5p' 4f ( ' F ) ' G 
5s' Sp'' 8d (^P) 'F + 4% 5s' Sp' 8d (^P)^ 
5s' Sp' 8d ( ' D ) ' F + 8% 5s' Sp'' 8d (¥)''D 
5s 5p^ 4f ( ' F ) ' G + 12% 5s' Sp" 8d ( ' D ) ' G 
5s 5p' 6p ( 'P) ' 'D + 29% 5s 5p' 4f ( ' F ) ' F 
5s 5p' 4f ( ' F ) ' F + 29% 5s 5p' 6p (^ P)'*D 
5s' 5p'' 5d ( 'P) ' 'F + 16% 5s' 5p'' 5d ( ' D ) ' G 
5s' 5p' 5d ( ' D ) ' G + 16% 5s' 5p'' 5d ('P)''F 
5s' 5p'' 6d ( ^ P / F + 17% 5s' 5p'' 6d { 'D) 'G 
5s' 5p'' 6d { 'D) 'G + 17% 5s' 5p'' 6d {^PfF 
5s' 5p'' 7d C?fF + 16% 5s' 5p'' 7d ( ' D ) ' G 
5s 5p' 4f ( ^ F / G + 9% 5s 5p' 4f ( ¥ ) ' G 
5s 5p' 4f ( ^ / F 
5s 5p' 4f ( ' F ) ' G + 2 1 % 5s 5p' 4f ( ^ / F 
5s 5p' 4f ( ^ / F + 15% 5s 5p^ 4f ( ' F ) ' G 
5s' Sp'' 8d ('P)''F + 9% 5s 5p' 4f (^F)''G 
5S' 5p'' 8d (^P)''F + 35% 5s' Sp" 7d ( ' D ) ' G 
5s' 5?" 8d ( ' D ) ' G + 6% 5s' 5?" 7d ( 'P) ' 'F 
5S' 5p' 7d ('D)'G + 28% 5s' 5p'' 8d ( ^ P / F 
5s' 5p'' 7d (^ P)"'F + 8% 5s 5p' 4f (^F)''F 
5s' 5p'' 8d ('D)'G + 13% 5s' 5p'' 8d {^PfF 
5s 5p^ 4f ( ' F ) ' G 
5s 5p' 4f ( ' F ) ' G + 10% 5s' Sp" 8d ( ' D ) ' G 
5s 5p^ 4f (¥)^G -
57 
Table 4.3 Least Square Fitted (LSF) and Hartree Fock (HF) energy 
parameters of Ba IV in cm"^  
configuration parameter LSF accuracy HF LSF/HF 
Odd Parity Configurations 
5s^ 5p^ 
5s^  5p^ 4f 
5s^  Sp' 5f 
5s^  Sp"* 6p 













EAV(5S' 5p' 5f) 





F'( 5p, 5f) 
G\ 5p, 5f) 
G\ 5p, 5f) 
G\ 5p, 5f) 
EAV(5S '5P '6P ) 




F'( 5p, 6p) 
F'( 5p, 6p) 
G\ 5p, 6p) 
G'( 5p, 6p) 
G'( 5p, 6p) 
EAV(5S' 5p' 7p) 









































































































































58 Table 4.3 Continued 
5s 5p^ 5d 




5s^ 5p' -5s^ 
5s^ 5p^ -5s 





5s^  5p'' 5f-5s-
5p^4f 
5p^5f 





' 5p' 6p 
'5p^7p 
5p'5d 
- 5p' 6p 
F'( 5p, 7p) 
F'( 5p, 7p) 
G"( 5p, 7p) 
G'( 5p, 7p) 
G'( 5p, 7p) 
EAV(5S 5p^ 5d) 
zeta( 5p) 
zeta( 5d) 
F'( 5p, 5d) 
F'( 5p, 5d) 
G'( 5s, 5p) 
G\ 5S, 5d) 
G ' ( 5p, 5d) 
G\ 5p, 5d) 
G\ 5p, 5d) 
EAV(5S 5p' 6s) 
zeta( 5p) 
G ' ( 5 S , 5p) 
G^ C 5s, 6s) 
G ' ( 5p, 6s) 
R\ 5p, 5p; 4f, 5p) 
R\ 5p, 5p; 5p, 5f) 
R^ C 5p, 5p; 5p, 6p) 
R'( 5p, 5p; 5p, 6p) 
R"( 5p, 5p; 5p, 7p) 
R'( 5p, 5p; 5p, 7p) 
R' ( 5S, 5p; 5p, 5d) 
R (^ 5s, 5p; 5d, 5p) 
R°( 5s, 5s; 5s, 6s) 
R' ( 5S, 5p; 5p, 6s) 
R°( 5s, 5p; 6s, 5p) 
R\ 4f, 5p; 5p, 50 
R'C 4f, 5p; 5p, 5f) 
• R^ C 4f, 5p; 5f, 5p) 
R\ 4f, 5p; 5f, 5p) 
R (^ 4f, 5p; 5p, 6p) 
R-( 4f, 5p; 6p, 5p) 
R^(4f,5p;5p,7p) 
R^(4f,5p;7p,5p) 
R (^ 4f, 5s; 5p, 5d) 
R ' ( 4f, 5s; 5d, 5p) 
R (^ 5p, 5f; 5p, 6p) 








































































































































































The Spectrum of Ba IV 59 
Ss^Sp'Sf-Ss^Sp'Tp 
Ss^Sp^Sf-SsSp^Sd 
5s^ Sp"* 6p -5s^ 5p* 7p 
5s^ Sp" 6p -5s 5p^ 5d 
5s^ 5p'' 6p -5s 5p' 6s 
5s^ 5p'' 7p -5s 5p' 5d 
5s^ 5p'' 7p -5s 5p' 6s 
5s 5p' 5d -5s 5p^ 6s 
R\ 5p, 5f; 5p, 7p) 
R (^ 5p, 5f; 7p, 5p) 
R ' ( 5S, 5f; 5p, 5d) 
R\ 5S, 5f; 5d, 5p) 
R\ 5p, 6p; 5p, 7p) 
R ' ( 5p, 6p; 5p, 7p) 
R°( 5p, 6p; 7p, 5p) 
R' ( 5p, 6p; 7p, 5p) 
R ' ( 5S, 6p; 5p, 5d) 
R \ 5S, 6p; 5d, 5p) 
R ' ( 5S, 6p; 5p, 6s) 
R°( 5S, 6p; 6s, 5p) 
R'( 5s, 7p; 5p, 5d) 
R (^ 5s, 7p; 5d, 5p) 
R ' ( 5S, 7p; 5p, 6s) 
R"( 5S, 7p; 6s, 5p) 
R^( 5p, 5d; 5p, 6s) 









































































Even Parity Configurations 
5s 5p* EAV(5S 5p*) 
308.0 
155795.0 1216.0 162120.0 0.457 
5s^ 5p'' 5d 
5s^ 5p'' 6d 
EAV(5S' Sp" 5d) 




F'( 5p, 5d) 
F'( 5p, 5d) 
G'(5p,5d) 
G (^ 5p, 5d) 
G\ 5p, 5d) 
EAV(5S^ 5p'' 6d) 




F'( 5p, 6d) 
F'( 5p, 6d) 
G'( 5p, 6d) 
G'( 5p, 6d) 









































































60 Table 4.3 Continued 
5s' 5p' 7d 
5s^  5p^  8d 
5s^  Sp' 6s 
5s' 5p' 7s 
5s' 5p" 8s 
5s' 5p' 9s 
EAV(5S' 5p' 7d) 




F'( 5p, 7d) 
F'( 5p, 7d) 
G'( 5p, 7d) 
G (^ 5p, 7d) 
G'( 5p, 7d) 
EAV(5S^ 5p'' 8d) 




F'( 5p, 8d) 
F'( 5p, 8d) 
G ' ( 5p, 8d) 
G'( 5p, 8d) 
G (^ 5p, 8d) 
EAV(5S^ 5p'' 6s) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G ' ( 5p, 6s) 
EAV(5S' 5p' 7s) 
F \ 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G ' ( 5p, 7s) 
EAV(5S' 5p* 8s) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 8s) 
EAV(5S' 5p' 9s) 
F ' ( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 

















































































































































The Spectrum of Ba IV 
61 
5s 5p'4f 











-5s' 5p' 5d 
-5s' 5p'' 6d 
-5s' 5p* 7d 
-5s' Sp" 8d 
-5s' 5p' 6s 
-5s' 5p' 7s 
-5s' 5p^ 8s 
-5s' 5p'' 9s 
-5s 5p'4f 
-5s 5p^ 6p 
5s^ 5p' 5d -5s' 5?" 6d 
5s' Sp" 5d -5s' 5p* 7d 





F'( 4f, 5p) 




G'( 5s, 5p) 
EAV(5S 5p^ 6p) 
zeta( 5p) 
zeta( 6p) 
F'( 5p, 6p) 
F'( 5p, 6p) 
G'( 5s, 5p) 
G'(5s,6p) 
G°( 5p, 6p) 
GV 5p, 6p) 
G'( 5p, 6p) 
R'( 5p, 5p; 5s, 5d) 
R ' ( 5p, 5p; 5s, 6d) 
R'( 5p, 5p; 5s, 7d) 
R'( 5p, 5p; 5s, 8d) 
R'( 5p, 5p; 5s, 6s) 
R'( 5p, 5p; 5s, 7s) 
R'( 5p, 5p; 5s, 8s) 
R'( 5p, 5p; 5s, 9s) 
R'( 5p, 5p; 4f, 5p) 
R^ C 5s, 5p; 5s, 6p) 
R'( 5s, 5p; 6p, 5s) 
R^ C 5p, 5p; 5p, 6p) 
R'( 5p, 5p; 5p, 6p) 
R°( 5p, 5d; 5p, 6d) 
R\ 5p, 5d; 5p, 6d) 
R'( 5p, 5d; 6d, 5p) 
R'( 5p, 5d; 6d, 5p) 
R°( 5p, 5d; 5p, 7d) 
R'( 5p, 5d; 5p, 7d) 
R'( 5p, 5d; 7d, 5p) 
R'( 5p, 5d; 7d, 5p) 
R^ C 5p, 5d; 5p, 8d) 







































































































































































Table 4.3 Continued 
5s^ Sp" 5d -5s^ Sp" 6s 
5s^  5p^ 5d -5s^ Sp" 7s 
5s^  5p' 5d -5s^ Sp"* 8s 
5s^  5p^ 5d -5s^ Sp" 9s 
5s^  Sp' 5d -5s 5p^4f 
5s^ Sp" 5d -5s 5p' 6p 
5s^  Sp" 6d -5s^ Sp" 7d 
5s^  5p* 6d -5s^ 5p'' 8d 
5s^  Sp" 6d -5s^ 5p' 6s 
5s^  Sp'' 6d -5s^ 5p^ 7s 
5s^  5p^ 6d -5s^ Sp" 8s 
5s^ Sp" 6d -5s^ Sp'' 9s 
5s^  Sp" 6d -5s 5p'4f 
5s^ Sp" 6d -5s Sp^  6p 
Ss^  5p' 7d -Ss^ Sp" 8d 
5s^  Sp' 7d -Ss^  Sp' 6s 
5s^  Sp' 7d -5s^ Sp' 7s 
5s^  Sp" 7d -5s^ Sp" 8s 
5s^  Sp* 7d -Ss^ Sp" 9s 
R ' ( 5p, 5d; 8d, 5p) 
R (^ Sp, 5d; 8d, Sp) 
R (^ Sp, 5d; 5p, 6s) 
R ' ( Sp, 5d; 6s, Sp) 
R (^ 5p, 5d; Sp, 7s) 
R ' ( Sp, Sd; 7s, Sp) 
R (^ Sp, 5d; Sp, 8s) 
R ' ( Sp, Sd; 8s, Sp) 
R (^ Sp, Sd; Sp, 9s) 
R ' ( Sp, Sd; 9s, Sp) 
R ' ( SS, Sd; 4f, Sp) 
R ' ( SS, Sd; Sp, 4f) 
R ' ( SS, Sd; Sp, 6p) 
R'( Ss, Sd; 6p, Sp) 
K\ Sp, 6d; Sp, 7d) 
R (^ Sp, 6d; Sp, 7d) 
R ' ( Sp, 6d; 7d, Sp) 
R (^ Sp, 6d; 7d, Sp) 
R \ Sp, 6d; Sp, 8d) 
R (^ Sp, 6d; Sp, 8d) 
R ' ( Sp, 6d; 8d, Sp) 
R ' ( Sp, 6d; 8d, Sp) 
R^( Sp, 6d; Sp, 6s) 
R' ( Sp, 6d; 6s, Sp) 
R (^ Sp, 6d; Sp, 7s) 
R ' ( Sp, 6d; 7s, Sp) 
R (^ Sp, 6d; Sp, 8s) 
R\ Sp, 6d; 8s, Sp) 
R (^ Sp, 6d; Sp, 9s) 
R ' ( Sp, 6d; 9s, Sp) 
R\ Ss, 6d; 4f, Sp) 
R' ( Ss, 6d; Sp, 4f) 
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R ' ( Sp, 7d; 8d, Sp) 
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R (^ 5p, 7d; Sp, 6s) 
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5s^  Sp' 7d -5s 5p'4f 
5s^  Sp"* 7d -5s 5p' 6p 
5s^  Sp'' 8d -5s^ Sp" 6s 
5s^  5p^ 8d -5s^ 5p' 7s 
5s^  5p'* 8d -5s^ Sp' 8s 
5s^ 5p* 8d -5s^ Sp' 9s 
5s^  Sp'* 8d -5s 5p'4f 
5s^  Sp" 8d -5s 5p' 6p 
5s^  Sp* 6s -5s^ 5p^ 7s 
5s^  5p^  6s -5s^ 5?" 8s 
5s^  5p* 6s -5s^ Sp" 9s 
5s^  Sp* 6s -5s 5p^  6p 
5s^  Sp" 7s -5s^ 5p'* 8s 
5s^  Sp" 7s -5s^ 5p^ 9s 
5s^  Sp" 7s -5s 5p^ 6p 
5s^  5?" 8s -5s^ Sp" 9s 
5s' Sp" 8s -5s 5p^  6p 
5s' Sp" 9s -5s 5p^ 6p 
5s5p'4f-5s5p^6p 
R'( 5p, 7d; 9s, 5p) 
R'( 5s, 7d; 4f, 5p) 
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R'( 5S, 8d; 5p, 4f) 
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The Spectrum of Four Times Ionized Barium (Ba V) 
5.1. Introduction 
The ground state configuration of the four-times ionized Barium (Ba V) is 
Ss^ Sp"*. This configuration gives three terms •'P,'D and 'S, thus it constitutes five 
energy levels with P2 being the ground most and So the upper most level. This 
spectrum belongs to the Te I isoeloctronic sequence. It was first studied by Reader 
[38] in 1983. He investigated 5s^5p''-5s5p^ transition array and established all five 
levels of the ground configuration and four levels of internally excited 5s5p^ 
configuration. He classified thirteen lines in the wavelength region 600-950 A. 
Tauheed and Joshi [39] extended the analysis by including 5s^ 5p^5d and 5s^ 5p^6s 
configurations. They established forty two out of forty eight levels of 5s^ 5p^5d and 
5s 5p 6s configurations and classified one hundred thirteen new lines in the 
wavelength region 400-1250 A. The six levels of 5s^ 5p'^ 5d configuration with J > 4 
could not be established as they did not give any radiative transition to the levels of 
ground configuration. Recently, Murphy et al [30] recorded the extreme ultra violet 
(EUV) photo absorption spectrum of Ba V. They studied 4d'°5s^5p'' - 4d^ 5s^ 5p^  
transitions in which a 4d electron is promoted to the 5p shell. More recently, in 2010 
Sansonetti and Curry published a complete compilation on Ba ions; Ba III- LVI [31]. 
In last few years work on the neighboring spectra of barium e.g. iodine [40] and 
cesium [41] has been done in our lab. To avail data in the isoeloctronic sequence we 
carried out the present work. In this work we have extended the analysis to include 
5s^ 5p^  (6d+7d) and 5s^ 5p^  (7s+8s) configurations in odd parity system and 5s^ 5p^6p 
configuration in the even parity system. 
5.2. Energy Level Structure of Ba V 
Ss^ Sp'', the ground configuration of Ba V has five energy levels ^P2,1,0; 'D2 
and 'SQ. A four electron system is formed by the excited configurations which exhibit 
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a complex structure. The terms and energy levels arising from a few of these excited 
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The respective position of the centre of gravity of even and odd parity 
configurations which were included in the final least square fit, along the isoelectronic 
sequence are given in Figure 5.1 and Figure 5.2 respectively. The spread of energy 
and overlapping region for these even and odd parity configurations are also plotted in 
Figure 5.3 and Figure 5.4 respectively. 
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1 f 1 1 1 1 1 r-
Tel III Xelll CslV BaV LaVI 
Fig.5.1. EAV (HF) /Z value for even parity configurations in Te I sequence from Te I to 
La VI. EAV is tlie centre of gravity of the configuration obtained using relativistic 
Hartree-Fock calculations, and Z is the charge number (Z = 1 for Te I, 2 for III and so 
on). 
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Fig.5.2. EAV (HF)/Z, value for odd parity configurations in Te I sequence from Te I to 
La VI. EAV is the centre of gravity of the configuration obtained using relativistic 
Hartree-Fock calculations, and Z is the charge number (Z = 1 for Te I, 2 for III and so 
on). 
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Fig.5.3. Energy spread of various even parity configurations in Ba V; filled rectangles 
represent the analyzed configurations. 
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Fig. 5.4.Energy spread of various odd parity configurations in Ba V; filled rectangles 
represent the analyzed configurations. 
5.3 Analysis and Discussions 
5.3.1. Odd Parity Configurations 
Ab initio calculations 
This system contains the configurations arising fi-om the excitation of ground 
Ss^ Sp'* and other even parity configurations e.g. 5s5p'*5d, SsSp '^es etc.. The 
configuration interaction calculations were carried out using Cowan's computer 
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programmes [7]. In the calculation we included 5s5p^ 5s^5p^nd (n = 5-7), 5s 5p n's 
(n' = 6-8), 5s5p'*4f, 5s5p''6p, 5p^5d and 5p^6s configurations in the odd parity system. 
The scaling of energy parameters used for the ab-initio calculations for the three 
lowest excited configurations (5s5p^ 5s^5p^5d and 5s^5p^6s) is similar to the scaling 
used by Reader [38] and, Tauheed and Joshi [39]. For the next excited configurations 
the same is obtained by their values in the Te I isoelectronic sequence [42-47]. The 
parametric scaling for Eave and c, were kept at 100%, F'' was taken as 85%, G as 75% 
and R*" was kept at 70% of HFR values for these configurations. This gave us very 
precise prediction of the energy levels and the transition probabilities. 
The 5s^ 5p^ - [5s5p'' -i- 5s^ 5p^5d + 5s^ 5p^6s] transition array 
As mentioned before, this array was earlier studied by Tauheed and Joshi 
[39].We started the analysis by re-examining this work independently and could 
confirm all the previously reported levels of the 5s5p , 5s 5p 5d and 5s 5p 6s 
configurations satisfactorily. We could also establish all the missing levels of 
5s^ 5p'^ 5d configuration with J > 4 with the help of identification of transitions from 
the levels of 5s^5p''6p configuration. All the four levels of 5s5p^ configuration and ten 
levels of 5s 5p 6s configuration can be assigned the LS designation of their leading 
component unambiguously. The levels of 5s 5p 5d configuration are strongly mixed 
and cannot be assigned LS designation unambiguously; still we retain the LS 
designation. Out of thirty eight levels of this configuration the levels lying at 
204482.0, 199756.7, 212994.0, 226614.2, 234035.4 cm'' have been named as their 
second highest component however the percent contribution of the leading and second 
highest component differs only by 1 or 2 %> for last three levels. One level lying at 
166279.0 cm' is designated as its third highest component and the remaining levels of 
this configuration as their leading components. We would like to mention here that 
the designation assigned by Sansonetti and Curry to some of these levels in their 
compilation [31] is not the same as assigned by us. The names of two pairs of levels 
lying at 203682.2, 204482.0 and 247412.7, 250440.0 cm"' have been interchanged. 
All these levels have their leading LS compositions as 40%, 27%, 37% and 38% 
respectively. Three of them have been named as their first component but the level 
with purity 27% was named as its second highest component because the first 
component was designated at 40% without ambiguity. 
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The 5s^ 5p^ (6d+7d) and 5s^ 5p^ (7s+8s) configurations 
Now we consider [5s^5p^ + 5s^5p^6p] - [5s^5p^ (6d+7d) + 5s^5p^ (7s+8s)] 
transition array. Transitions to the ground levels the from levels of 5s^5p^(6d+7d) and 
5s 5p (7s+8s) configurations fall below 350 A. In this region reflectivity of our plates 
is not good hence these transitions are not observed and levels of the 5s^5p^(6d+7d) 
and 5s 5p (7s+8s) configurations are established by the transitions to the newly 
located levels of the 5s^5p^6p configuration. All the ten levels of the 5s^5p^7s 
configuration are established. The 5s^5p^7s configuration is slightly mixed with the 
5s^ 5p-^ 6d and 5s5p'*4f configurations. The level P^o of the 5s^5p^7s configuration 
have 25% admixture of P^o level of 5s^5p''6d configuration and the level ^Pi of the 
5s^5p^7s configuration have 18% admixture of ^Di level of 5s5p''4f configuration. All 
levels of 5s^5p^7s configuration could be designated by their leading LS component. 
The 5s 5p 6d and 5s5p''4f configurations are strongly mixed and overlapped. We 
could establish twenty seven levels out of thirty eight levels of the 5s^5p^6d 
configuration. Extensive mixing of the levels of 5s^5p^6d configuration with each 
other and in certain cases with the levels of 5s5p''4f configuration makes it difficult to 
assign the LS designation to them. To conform the earlier work in the sequence and 
on the other ions of barium atom [27, 29, 38, 39, 48-50], we have followed the LS 
designation. All established 27 levels of this configuration have been named on their 
leading components. Out of possible 38 levels of 5s 5p 7d and 5s'5p 8s 
configurations only 27 levels have been established. 
For odd parity system 5s5p^ 5s^5p-'nd (n = 5-7), 5s^ 5p-^ n's (n' = 6-8), 5s5p^4f, 
5s5p'^ 6p configurations are finally included in least square fit. The 5s5p 4f 
configuration has significant interaction with the 5s5p^ 5s^5p^5d and 5s 5p 6d 
configurations while the 5s5p''6p configuration has significant interaction with the 
5s^5p^6s and 5s^5p^7s configurations. The average purities in LS coupling scheme for 
even parity system was 55%o while in jj coupling scheme it was 56%). Finally a 
standard deviation of 322 cm"' was obtained for odd parity matrix. We would like to 
menfion here that the level at 174616 cm"' (J=l) of 5s^5p^5d configuration deviates by 
737 cm"' after the inclusion of the 5s5p'*4f configuration in the least square fit, while 
in the earlier work [39] it was deviated by 475 cm"'. This level is based on four 
transitions which have the Ba V characteristics and it is well supported by the 
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transitions from the levels of 5s^5p-'6p configuration. All other levels are fitting nicely 
in the least squares fitted (LSF) calculations. 
5.3.2 Even Parity Configurations 
Ab initio calculations 
In addition to the ground configuration Ss^ Sp"* there are a number of excited 
configurations in this system arising from the excitation of 5s 5p nd, 5s 5p n's and 
other configurations. In the multi configuration interaction calculations we include all 
the possibly interacting configurations 5s^ 5p'*, 5s^5p^ (4f+5f), 5s^5p^ (6p+7p), 5p , 
SsSp'^ Sd and 5s5p'*6s. The initial parametric scaling for Eave and q were kept at 100%, 
F*" was taken as 85%, G*" as 75%) and R'' was kept at 70% of HFR values for these 
configurations. 
The 5s^5p^6p and 5p configurations 
As mentioned earlier initially we were interested in the 5 s 5p 4f and 5 s 5p 6p 
configurations. The 5s^5p^4f configuration is the lowest excited configuration in this 
system. Transitions to the levels of 5s 5p 4f configuration from the 5s 5p 5d 
configuration lie outside the present wavelength region of investigation hence this 
configuration could not be studied in the present work. Next to the 5s 5p^4f 
configuration is the 5s 5p 6p configuration. The transitions from the 5s 5p 6p 
configuration to the 5s 5p (5d+6s) configurations were of fairly good intensity. With 
the identification of these transitions, all the twenty eight levels of the 5s'^ 5p^6p 
configuration are satisfactorily located. The average purities in LS coupling scheme 
was 61%) while in jj coupling scheme it was 64% for even parity system. 64% levels 
have their leading LS component more than 50%o. All the 28 levels of this 
configuration could be designated by their leading LS components. The only level 'SQ 
of 5p^ configuration is also established by the transitions from the levels of 5s5p^ 
configuration. In the final least square fit (LSF) for even parity configuration we 
include only 5s 5p , 5s 5p 4f, 5s 5p 6p and 5p configurations as they have strong 
interaction with 5s 5p 6p configuration. We found reasonably good agreement with 
theoretical calculations. The standard deviation for even parity configurations was 
found to be 273 cm"'. 
In all 150 energy levels are now established in the Ba V spectrum based on 
four hundred thirty seven lines identified in this spectrum [Table 5.1]. The least 
square fitted energy levels of both parities along with their LS percentage composifion 
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are given in Table 5.2. The fitted energy parameters along with their scaling factor 
(ratio of the LSF values to the HFR values) for even parity system and odd parity 
system are given in Table 5.3. 
In Figure 5.5 we have given energy level diagram of Ba V. This diagram 
depicts the transitions analyzed in the present work as well as that of earlier work. 
Fig. 5.5 Energy level diagram of Ba V. Energy levels and transitions shown in black 
colour are analyzed by Tauheed and Joshi [39] and that shown in red and blue colour 
are studied in the present work while that in cyan colour are not studied. 
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5.4 Ionization Potential 
Since three members of 5p^nd (5, 6 and 7) and Span's (6, 7 and 8) series have been 
studied in the present work, it was, therefore, desirable to calculate the series limit of 
this spectrum. Being a four - electron system, energy levels of this spectrum are 
strongly mixed. Thus the limit can not be determined with perfection. However, the 
levels of 5p n's series have much better purity than the levels of 5p nd series. We 
have estimated the series limit from the levels showing purity greater than 50 % in all 
its three members. For this we took three sets of 5p ns series namely ( D) D|, ( D) 
D3 and ( D) D2. The first set gave the limit at 494704 cm" converging to ground 
level ^Dyi (17261 cm"') of Ba VI. The second and third set converges to the level 
^D5/2 (23547 cm"') of Ba VI, giving the value 499523 cm"' and 500422 cm"'. After 
subtracting the corresponding level values from the series limits we get the \'alues 
477443 cm"', 476276 cm"' and 476875 cm"' from first, second and third set 
respectively. Therefore we adopt the value 476860 ± 600 cm"' or 59.1231 ± 0.0744 
eV. The first estimation of ionization potential of this spectrum was done by 
Rodrigues et a/ [51] from atomic binding energies, which was obtained by them usmg 
the Dirack-Fock approximation. They gave the value 468000 cm ' or 58 eV without 
claiming any uncertainty. 
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' Intensity figures are visual estimate of photographic blackening. 
*" comment. 
" In log (gf), f represents the oscillator strength and g the statistical weight 2JL+1 of the lower level 
'' In gA, A represents the transition probability and g the statistical weight 2Ju-H of the upper level. 
°Transition probabilities (gA) obtained by Cowan's code. 
"^Observed wavelength value - Ritz value. 
B - Blended with other line. W - Wide line. 
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- h Table 5.2 Calculated and observed energy level values (in cm ) of 
Ba V and percentage LS composition 
J E(obs) E(LSF) diff. 
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55^5?" 'S +29%5s^5p'' ^P 
5 s ^ 5 p ' 4 f ( W P 
5s^ 5p^ 6p ("S/P + 10% 5s^ 5p^ 6p (^P^P 
5s^ 5p^ 6p (^P)'S 
5s^ 5p^ 6p CofP + 12% 5s^ 5p' 6p (¥) 'S 
5s^ 5p^ 6p (^ P)^ P + 18% 5s^ 5p^ 6p (^P)'S 
5s^ 5p^ 6p ('•S)^ 
5s^ 5p^ 6p (^P)'S + 17% 5s^ 5p' 6p (^ D)^ P 
5s^ 5p^ 6p (''S)'P + 9% 5s^ 5p^ 6p ('P^P 
5p6 
5s^  5p^ 7p ("syp + 8% 5s^ 5p^ 7p (¥) 'S 
5s^ 5p^ 7p (^ P)^ P 
5s^ 5p' 7p CDfP + 10% 5s^ 5p^ 7p (¥) 'S 
5s^ 5p' 7p ("S/P 
5s^ 5p' 7p (^P)'P +21% 5s^ 5p' 7p (¥) 'S 
5s^ 5p' 7p (^P)'S + 19% 5s^ 5p^ 7p (^D)¥ 
5s^ 5p^ 7p (^P^P + 7% 5s^ 5p^ 7p CsfP 
5s'5p* 'P 
5s' 5p^ 4f (''S)5F +11% 5s' 5p' 4f ( ' P / D 
5s' 5p^ 4f ( ' D ) ' P + 13% 5s' 5p^ 4f ( ' P / D 
5s '5pMf( 'D)¥ + 6%5s '5pMf(^)5F 
5s'5p'4f('D)^D 
5s' 5p^ 4f ( ' D ) ¥ + 12% 5s' 5p^ 4f ( ' D ) ' P 
5s'5p^4f('D)^D 
5S' 5p^ 4f ('P^D +11% 5s' 5p^ 4f ( ' D ) ' P 
5S'5pMf ( ' D ^ P + 6%5s'5pMfC'S)5F 
5s'5p^ 6p ("S/P + 9% 5s'5p^ 6p ( 'P)¥ 
5 s ' 5 p ^ 6 p ( V P + 5% 5s '5p '6p ('P^S 
5s' 5p^ 6p CsfP + 16% 5s' 5p' 6p ('S)'P 
5s' 5p^ 6p ('P)'P + 9% 5s' 5p^ 6p ( ' D ) ¥ 
5s' 5p^ 6p ( ' D ) ' D + 24% 5s' 5p' 6p ( ' D ) ' P 
5s' 5p^ 6p CsfP + 10% 5s' 5p^ 6p CsfP 
5s' 5p^ 6p ( ' D ) ' P + 34% 5s' 5p^ 6p ( 'D)^D 
5s' 5p' 6p ( ' P ) ' D + 7% 5s' 5p' 6p CsfP 
5s' 5p^ 6p ( ' D ^ P + 19% 5s' 5p^ 6p ("syP 
5s' 5p' 6p ('D)'P + 5% 5s' 5p' 6p ('P)'P 
5s' 5p^ 6p ( ' P ) ' D + 20% 5s' 5p' 6p ('P)'P 

















































































































5s' 5p^ 6p ( ¥ y p 
5s' 5p^ 6p ('P)'P 
5s' 5p^ 6p ('P)^S 
5s' 5p^ 6p ( ' D ^ P 
5s' 5p^ 6p ('P)"P 
5s' 5p^ 6p ('P)^P 
5s' 5p^ 7p ("S/P 
5s' 5p' 7p C?fP 
5s' 5p^ 7p C'S)^ P 
5s' 5p^ 7p ('P)'P 
5s' 5p^ 7p ( ' D ^ D 
5s' 5p^ 7p (''S)^P 
5s' 5p' 7p ( 'D)^P 
5s'5p'7p( 'D) 'P 
5s' 5p^ 7p ('D)'P 
5s' 5p^ 7p ( ' D / D 
5s' 5p^ 7p ( ' P ) ' D 
5S ' 5p^ 7p ( 'P/P 
5s' 5p^ 7p ('P)'P 
5s' 5p^ 7p ('P)^S 
5s' 5p^ 7p ( ' D / P 
5s' 5p^ 7p ( ' P ) ' P 
5s' 5p' 7p ('P)^D 
5s '5p' ¥ + 
+ 4% 5s' 5p-'' 6p ('D)-'D 
+ 20% 5s' 5p^ 6p ('Pys 
+ 8% 5s'5p^ 6p ( ' P / D 
+ 20% 5s' 5p^ 6p ( 'P)¥ 
+ 8% 5s' 5p^ 6p ('D)'P 
+ 16%5s'5p'6p('D)'D 
+ 10%5s'5p'6p('P)-'D 
+ 9% 5s' 5p^ 7p ("syV 
+ 5% 5s' 5p^ 7p ('P)'S 
+ l l % 5 s ' 5 p ' 7 p ( V P 
+ 6% 5s' 5p^ 7p ('P)^S 
+ 23%5s'5p^7p('D)'P 
+ 8% 5s' 5p^ 7p ('S)^P 
+ 20% 5s' 5p' 7p ( 'D)^D 
+ 14% 5S' 5p^ 7p Csf? 
+ 39% 5S ' 5p' 7p (-DfP 
+ 24%5s'5p^7p('P)'P 
+ 23% 5s' 5p^ 7p ('P)^S 
+ 9% 5s' 5p^ 7p ('P)'D 
+ 22% 5s' 5p^ 7p ('P)^P 
+ 9% 5s' 5p^ 7p ('D)'P 
+ 18%5s'5p^7p('D)^D 
+ l l%5s '5p^7p( 'PfP 
15%5s'5p' 'D 
5s'Sp** 'D +15%5s'5p' ' P^ 
5s'5p'4fC'S)5F 
5s'5pMf ( ' P ) ' F 
5s'5p^4fC'S)¥ 
5s'5pMf ( 'P)^F 
5s'5pMf ( ' D ) ' F 
5s'5pMf('D)^D 
5s' 5p' 4f ('D)^F 
5s'5pMf('D)^P 
5s'5pMf('D)'P 
5 s ' 5 p M f ( V F 
5s' 5p' 4f ( ' D ) ' D 
5s'5pMf ( ' D ) ' F 
5s'5pMf('P)'F 
5s'5pMf C'S)^ F 
5s'5pMf('P)'D 
5s '5pMf( 'P)¥ 
5s'5pMf('P)'D 
5s '5pMf( 'p /F 












+ 1 7 % 5 s ' 5 p ' 4 f ( W P 
+ 6%5s'5p^4f('P)'D 
+ 15%5s'5p^4f('D)'D 
+ 5%5s'5p^4f( ' 's/F 
86 Table 5.2 Continued 
250127.7 250292.0 -164.3 
259746.6 259421.0 325.6 
268785.7 268973.0 -187.3 
271327.5 271841.0 -513.5 
278033.9 278372.0 -338.1 
287105.7 286966.0 139.7 
292770.3 292685.0 85.3 
303274.6 302982.0 292.6 














































5s' 5p^ 6p (^S)'P + 15% 5s' 5p^ 6p ( 'syP 
5s' 5p^ 6p ('P)^D + 8% 5s' 5p^ 6p ('P^P 
5s' 5p^ 6p (^ S)^ P + 23% 5s' 5p^ 6p ('S)'P 
5s' 5p^ 6p ('P)'D + 10% 5s' 5p' 6p ( ' D ) ' F 
5s' 5p^ 6p ( ' D ) ¥ + 20% 5s' 5p^ 6p ( ' D / D 
5 s ' 5 p ^ 6 p ( V P + 7% 5s'5p^ 6p ( ' P ) ' D 
5s' 5p^ 6p ( ' D ) ' D + 16% 5S ' 5p^ 6p ( ^ D / F 
5s' 5p^ 6p ( ' D ) ¥ + 9 % 5S' 5p^ 6p C'S)'P 
5s' 5p^ 6p CDfP + 15% 5s' 5p^ 6p ( 'D)^D 
5s'5p^6p('D)'D + 7% 5s'5p^ 6p ( 'P)^P 
5s' 5p^ 6p ( ' D ) ' D +21% 5s' 5p^ 6p ( ' D ^ P 
5s' 5p^ 6p ( ' D ^ F 
5s' 5p^ 6p ( 'P)^D + 19% 5s' 5p^ 6p ( ' P ) ' D 
5s' 5p' 6p ( ' P ) ¥ 
5s' 5p^ 6p ('P)'D + 16% 5s' 5p' 6p ( ' P ) ' D 
5s'5p'6p ( ' D / F + 9% 5s'5p^ 6p ( ' D ) ' D 
5s' 5p' 6p ( ' P ) ' P + 16% 5s' 5p' 6p ( ' P ) ' D 
5s' 5p^ 6p ( 'D)^D + 9% 5s' 5p^ 6p ( ' D ) ' D 
5s' 5p^ 7p ("S/P + 15% 5s' 5p' 7p CsfP 
5s' 5p^ 7p ('P)^D + 7% 5s' 5p' 7p ('P^P 
5s' 5p^ 7p CS)^ + 17% 5s' 5p' 7p (*S)'P 
5s' 5p^ 7p ('P)'D + 6% 5s' 5p^ 7p ('P)'P 
5s' 5p^ 7p ( ' D ) ¥ + 10% 5s' 5p' 7p C'S)'P 
5s' 5p^ 7p ( ' D ) ' D + 8% 5s' 5p^ 7p ("S/P 
5s' 5p^ 7p ( 'D)^D + 14% 5s' 5p' 7p ( ' D ) ¥ 
5s' 5p^ 7p ( ' D ) ¥ + 9% 5s' 5p' 7p ('P)'P 
5s' 5p' 7p CofP +31% 5s' 5p' 7p ( ' D ) ' D 
5s' 5p' 7p ( ' D ) ' D 
5s' 5p^ 7p ( ' D ) ' D + 27% 5S' 5p^ 7p ( ' D ) ' P 
5s' 5p^ 7p ( ' D / D 
5s' 5p^ 7p ('P^D + 29% 5s' 5p' 7p ( ' P ) ' D 
5s' 5p' 7p ( 'P)¥ 
5s' 5p^ 7p ( ' P ) ' D + 29% 5s' 5p^ 7p ('P)^D 
5s' 5p' 7p ( ' D ) ' F + 5% 5s' 5p' 7p ( 'p/P 
5s' 5p' 7p ('P)^P + 16% 5s' 5p' 7p ( ' P ) ' D 





65% 5s'5pMfC'S)5F + 9% 5s '5p'4f ('P^F 
+ 8% 5s'5pMf('D)'G + 6%5s'5pMf('P)'G 
29% 5 s ' 5 p M f ( V F + 15%5s'5p'4f(''S)5F 
+ 12% 5s' 5p' 4f ( ' D ) ' F + 12% 5s' 5p^ 4f ( ' D / G 
42% 5S' 5p' 4f ( ' D ) ' G + 12% 5s' 5p^ 4f ( " S / F 
+ 10% 5s' 5pMf ('P)^G + 10% 5s' 5p^ 4f ( 'D)^D 
47% 5s' 5p' 4f ( 'D)^D + 15% 5s' 5p' 4f ( V F 
+ 15% 5s'5p'4f('P)^D + 8% 5s'5pMf ( ' D ^ G 
















































































































5s^ 5p^ 4f (^D^F +31% 5s^ 5p' 4f (^S)'F 
5s^  5p^ 4f (^D)'F + 20% 5s^  5p' 4f {'P)'F 
5s^5pMf(^DyD + 7%5s'5pMf( 'DyF 
5s^ 5p^ 4f C?fT + 13% 5s' 5p' 4f ( ' P ) ' D 
5s'5pMf(^PyG + 9%5s '5pMf(¥) 'F 
5s' 5p' 4f ( ' P ) ' G + 24% 5s' 5p' 4f ( ' P ) ' F 
5s' 5p' 4f ( ' D ) ' F + 12% 5s' 5p' 4f ( ' D ) ' G 
5s' 5p' 4f ( ' P ) ' D + 28% 5s' 5p' 4f ( ' D ^ D 
5s '5p '4f ( ' P V F + 4%5s '5p '4 f ( 'P )¥ 
5s' 5p' 4f ( ' P ) ' F + 20% 5s' 5p' 4f ( ' P ) ' F 
5s' 5p' 4f ( ' D ) ' F + 16% 5s' 5p' 4f ( ' P ) ' G 
5s' 5p^ 6p ('*S)^ P + 18% 5s' 5p^ 6p ('P)^D 
5s' 5p^ 6p CofF + 15% 5s' 5p^ 6p (*S)'P 
5s'5p^ 6p ('P^D + 7%5s'5p^6p('D)'F 
5s' 5p^ 6p ( ' D ) ' F + 38% 5s' 5p' 6p ( 'D)^D 
5s' 5p^ 6p CDfF 
5s' 5p^ 6p ( ' D / D + 29% 5s' 5p^ 6p ( ' D ) ' F 
5s' 5p^ 6p ( ' D ) ¥ 
5s' 5p^ 6p ('P)^D + 13% 5S ' 5p' 6p ( 'D)^F 
5s'5p^ 6p ( ' D ) ' F + 7% 5s'5p^ 6p ( V P 
5s' 5p^ 7p CS)'? + 16% 5s' 5p^ 7p ( ' P ) ' D 
5s' 5p^ 7p ( 'D)^F + 26% 5s' 5p^ 7p ( ' D ) ' F 
5s' 5p^ 7p (*S)'P + 13% 5s' 5p^ 7p ('P)^D 
5s' 5p^ 7p ( ' D ) ¥ + 33% 5s' 5p^ 7p ( ' D ) ' D 
5s' 5p^ 7p ( ' D ) ' F 
5s' 5p^ 7p ( ' D / D + 29% 5s' 5p^ 7p ( ' D ) ' F 
5S ' 5p^ 7p ( ' D ) ¥ 
5S ' 5p' 7p ('P)^D + 12% 5s' 5p^ 7p ( 'D)^F 
5s' 5p^ 7p ( ' D ) ' F + 6% 5s' 5p' 7p C'S)^ P 
5s'5pMf(''S)5F + 9%5s'5pMf('P)^G 
5s '5pMf( 'p /F + 5%5s'5p^4f('D)^G 
5s' 5p^ 4f (''S)^F + 13% 5s' 5p^ 4f ('S)5F 
5s'5pMf ( 'D)^H + 8%5s'5p'4f('D)-'F 
5s' 5p^ 4f ('D)^G + 11% 5s' 5p' 4f C'S)5F 
5 s ' 5 p ' 4 f ( V F + 7%5s'5p'4f('P)^G 
5s' 5p^ 4f ('D)^H + 28% 5s' 5p^ 4f ( ' D ) ' F 
5s'5p^4f(' 'syF + 5% 5s'5pMf ('P)^G 
5s' 5p^ 4f ( ' D ) ¥ + 2 1 % 5s' 5p^ 4f ( 'D)^H 
5s' 5p^ 4f ('•S)^ F + 14% 5S ' 5p^ 4f ( 'D)^G 
5s'5p^4f('D)'G + 7%5s'5p^4f('D)^G 
5s '5pMf( 'D/F + 5%5s'5p'4f('P)^G 
5s' 5p^ 4f ('P)^F + 39% 5s' 5p' 4f ( ' P ) ' G 
5s'5pMf ('P)'G + 7%5s'5p'4f( 'D) 'F 
5S ' 5p^ 4f ('P)'G + 24% 5s' 5p^ 4f ('pf G 





+ 13% 5s^5p^4f(^D)'H + 12%5s'5p'4f(V)'F 
33% 5s^5p^4f(^P)'G +26%5s^5p'4f(-P)^F 
+ 15% 5s^5p'4f(^D)'G + 8%5s^5pMf(^D)^G 
100% 5s^ 5p^ 6p ( ^ D / F 
100% 5s^  5p^ 7p (^ D)^ F 





83% 5s^ 5p^ 4f (''S)5F + 13% 5s^ 5p^ 4f(^PyG 
37% 5s^5p^4f(^DyH + 21% 5s^ 5p^4f (^ D)^ G 
+ 15% 5s^5p^4f(^P)^G + 15% 5s^ 5pMf (^D)'H 
75% 5s^ 5p^ 4f (^D^G +20% 5s^ 5p^ 4f (^D)'H 
+ 5% 5s^5p'4f(^D)'H 
68% 5s^ 5pMf (^D) 'H +30%5s^5p^4f(^D)^H 
70% 5s^ 5p^ 4f (^ P)^ G +11% 5s^ 5p^ 4f (^ D)^ H 
+ 10% 5s^5p^4f(^D)'H + 5%5s^5p^4f(''S)5F 
185132.0 100% 5s^5p^4f(^D/H 
Odd Parity Configurations 
0 147931.7 148069.0 -137.3 
160011.0 159714.0 297.0 
178341.5 178889.0 -547.5 
198173.3 198398.0 -224.7 
225046.0 224703.0 343.0 
247831.3 247723.0 108.3 
- 293218.0 
312836.7 312978.0 -141.3 
- 323858.0 
331489.1 331738.0 -248.9 
338723.7 338888.0 -164.3 
361644.8 361544.0 100.8 

































5s 5p^ 'P 
5s^ 5p' 5d (^P^P 
5s^  5p^  5d CsfD 
5s^ 5p^ 5d (^D)'S 
+ 14%5s^5p^5d(WP 
+ 9% 5s^ 5p^ 5d (^Pf P 
+ 9% 5s^ 5p' 5d (^ P)^ P 
5s^ 5p^ 5d ("8)^0 
5s^ 5p^ 5d (^y'P + 34% 5s^ 5p^ 5d (^D)'P 
5s^ 5p^ 5d (^D)'S + 6% 5s^ 5p^ 5d (''S)^D 
5s^ 5p^ 5d (^D)'P 
5s 5p' ¥ 
5s^ 5p^ 6s CPfP 
+ 35% 5s^  5p^ 5d ('P)'P 
5s Sp" 4f (^F ,^P/D + 8% 5s 5p' 4f ( ' F , ' D ) ¥ 
5s^ 5p^ 6d ('S)^D + 14% 5s^ 5p^ 6d ('py'P 
5s 5p'' 4f (^F, 'D) 'P + 8% 5s 5p'' 4f ( ¥ / P ) ' D 
5s^ 5p' 6d (^D)'S + 18%5s^5p^6d(WP 
5s^  5p' 6d (^pyP + 11 % 5s^  5p^ 6d (''S)^D 
+ 29%5s^5p^6d(^D)'S 5s^ 5p' 6d (^D)'P 
5s^ 5p' 7s CPfP 
5s^ 5p^ 6d CofP 
5s^ 5p^ 7s (^ P)^ P 
5s^ 5p' 6d (^D)'P 
5s^ 5p^ 7d ( ' S ) ' D 
5s^ 5p^ 7d ( ' D ) ' S 
5s^ 5p' 7d CpfP 
+ 35% 5s^ 5p^ 6d CPfP 
+ 5% 5s^ 5p^ 6d (^D)'S 
+ 36% 5s^ 5p' 6d (^ P)^ P 
+ 4% 5s^  5p^ 6d (^D)'S 
+ 15%5s^5p^7d(^P)'P 
+ 31%5s^5p^7d(^D)'P 
+ 13%5s^5p '7d (VD 
5s^ 5p' 7d CDf P + 45% 5s' 5p' 7d CD)'S 
,2 c„3 o j /'*c\i 5s 5?" 6p ( ( 'P ) ' 'P ) 'D + 25% 5s' 5p' 8d CS)'D 
5s5p'6p (('S)^S)'P+ 5% 5s '5p'8d ('P)'P 
5s' 5p' 8d ( ' 'S) 'D + 30% 5s 5p'' 6p (('P)'P)'P 
The Spectrum of ba V 89 
- 406201.0 




















5s 5p* 6p ( ( ¥ / P / D + 8% 5s^ 5p' 8d (^P^P 
5s5p''6p ((^P)"?)^? + 24% 5s 5p''6p ((^P/P)'!) 
5s^ 5p^ 8d ( " S / D + 10% 5s 5?" 6p (('D)^Dl^P 
5s^ 5p' 8s C^fP 
5s^ 5p^ 7d CP)T 
5s^ 5p^ 7d f D)'S 
5s^ 5p^ 8d (^D)'P 
5s^ 5p^ 8d ("8)^0 
5s^ 5p^ 8d (^D)'S 
+ 1 2 % 5 s ' 5 p ' 7 d ( W P 
+ 6% 5s^ 5p^ 7d ( ' 'S) 'D 
+ 35%5s'5p'8d(^D)'S 
+ 12%5s^5p'8d('P)'P 
+ 46% 5s^  5p' 8d ('D^P 
5s 5?" 6p (('D)^D)¥ + 20% 5s 5p' 6p ((¥)V)'P 
5s 5p'' 6p ((^P)^P)^P 
„2 c_3 n„ /-2r>\3 5s' 5p' 9s CPyP 











5s^ 5p' 8d ( ¥ ) ¥ 
5s^ 5p^ 8d (^D)'S + 6% 5s' 5p' 8d ("sfo 
5s Sp"* 6p ((^P)'P/P + 43% 5s Sp" 6p ((^P)-P) S 
5s 5p'* 6p ( ( ' D ) ^ D / P 
5s 5?" 6p ((^P)¥)'S + 28% 5s Sp' 6p ((¥)'P)-'P 
5s 5p'' 6p (C^fsf? 
1 138916.0 139032.0 -116.0 
160523.3 160122.0 401.3 
163253.7 162998.0 255.7 
174615.8 175353.0 -737.2 
189360.0 189354.0 6.0 
197325.8 197238.0 87.8 
209234.5 208996.0 238.5 
212993.7 213323.0 -329.3 
218413.9 218514.0 -100.1 
221250.7 221125.0 125.7 
226613.8 226975.0 -361.2 
231254.0 231330.0 -76.0 

























+ 11% 5s' 5p^ 5d ('D)^P 
+ 5% 5s' 5p' 5d ('P)'P 
+ 5% 5s' 5p-'' 5d ('P)'P 
+ 33%5s'5p'5d( 'D) 'P 
5s 5p' ¥ 
5s 5p' 'P 
5s' 5p^ 5d ( " S / D 
5s 5p' ^P 
5s 5p^ 'P 
5s' 5p^ 5d CsfD + 8% 5s 5p' V 
5s' 5p^ 5d CsfD +41% 5s' 5p^ 5d ( ' D ^ D 
5s' 5p^ 5d ( ' P ) ¥ 
5s' 5p^ 5d ( 'D)^D 
5s' 5p^ 5d C^fD 
5s' 5p^ 5d CPfP 
5s' 5p^ 5d ( 'D)^P 
5s' 5p' 5d ( ' D / S 
5s 5p^ ¥ 
5s' 5p^ 5d ( ' D ) ' P 
5s' 5p^ 5d ('D)^P 
5s' 5p' 6s ("S/S 
+ 37% 5s' 5p' 5d ( ' P ) ' D 
+ 22% 5s' 5p^ 5d ( 'D)^S 
+ 7% 5s' 5p' 5d (^S) 'D 
+ 31%5s'5p^5d('D)'P 
+ 17%5s5p' 'P 
+ 15%5s'5p^6s(*SyS 
+ 14% 5s' 5p^ 6s ( 'D)^D 
5s' 5p' 5d ( ' D / S + 10% 5s' 5p' 6s ('P)'P 
5S' 5p^ 5d ('P^D + 17% 5s' 5p' 5d ('P)'P 
5s' 5p^ 5d ('S)'D + 13% 5s' 5p' 5d ( ' D ) ' P 
5s' 5p^ 5d ('P)^D + 18% 5s' 5p^ 5d ( ' D ) ' P 
5s' 5p' 5d ('P)T 
5s' 5p^ 6s ( ' D ^ D 
5s' 5p' 6s CPfP 
+ 13%5s5p^ 'P 
+ 32% 5s' 5p' 6s ( ' sys 
+ 31%5s'5p'5d( 'P) 'P 









































































































































5s^ 5p^ 6s (¥) 'P + 5% 5s^ 5p' 5d C^fV 
5s^ 5p' 5d (^P)'P + 35% 5s^ 5p^ 6s (^ P)^ P 
5s2 5p^ 6s (¥) 'P + 4% 5s^ 5p^ 5d C'S)'D 
5s^  5p^ 6s (¥) 'P + 20% 5s^ 5p' 6s (^ D)^ D 
5s^ 5p' 6s (^ P)^ P + 9% 5s^ 5p^ 6s (''S)'S 
5s Sp" 4f C F , ¥ ) 5 F + 9% 5s 5p'' 4f ( ¥ / P ) ' D 
5s 5?" 4f ( ¥ / P / D + 8% 5s 5p* 4f (¥,^P)5F 
5s5p''4f (^F,'D)^P 
5s 5p* 4f ( ' F ^ ^ D + 11% 5s 5p'' 4f (^F , 'D) 'D 
5s 5pMf ( ' F , ' D ) ' P + 5% 5s 5p'4f ( ' F > ) 5 F 
5s^  5p' 6d ( ' S / D + 10% 5s^  5p' 6d (^P/P 
5s^ 5p^ 6d (-P^D 
5s^ 5p^ 6d ( V D + 8%5s^5p'6d(^P)'P 
5s^  5p' 6d (^ P)^ D 
5s SpMf (^F,'D)^P + 8% 5s 5p'' 4f ( ' F , ' D ) ' P 
5s Sp" 4f ( ^ F / P / D 
5s Sp" 4f ( ' F , ' D ) ' P + 38% 5s 5?" 4f ( ^ F / D ^ D 
5s 5p'' 4f ( ^ F , ' D ) ¥ + 4% 5s 5p'' 4f ( ' F > ) ^ D 
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5S' 5p^ 5d ( " S / D 
5s' 5p^ 5d ( ' D ) ' F 
5s' 5p^  5d CsfD 
5s' 5p^ 5d ( ' D ) ' G 
5s' 5p^ 5d ( 'D)^D 
5s' 5p^ 5d ( ' P / F 
5S' 5p^ 5d ( ' D ) ' G 
5S' 5p^ 5d ( 'P)¥ 
5s' 5p^  5d ('P^D 
5s' 5p^ 5d ( ' P ) ' D 
5s' 5p' 5d ( ' 'S) 'D 
5s' 5p^ 5d ( ' P ) ' F 
5s' 5p^ 5d ( ' D ) ' F 
5s' 5p^ 5d ( ' P ) ' F 
5s' 5p^ 5d ('S^D 
5s' 5p^ 6s ( ' D ^ D 
5s 5p'' 4f ( ¥ > ) 5 F 
5s Sp"* 4f (^F>)^F 
5S Sp"* 4f (^F, 'P) 'G 
5s Sp" 4f ( ^ F / P / G 
5s5p'4f ( ' F , ' S ) ' F 
5s Sp"* 4f (^F,^Pf D 
5s Sp" 4f (¥,'P)5F 
5s Sp" 4f ( ¥ / P ) ' G 
5S' 5p' 6d CsfD 
5s' 5p^ 6d Cpf? 
5s 5p'' 4f ( ¥ , ' P / D 
5s' 5p^ 6d ( ' 'S) 'D 
5s' 5p^ 6d (•*S)^ D 
5s' 5p^ 6d ('P)'F 
5s' 5p' 6d ( ' D ) ' F 
+ 9% 5s' 5p' 5d ( 'P)¥ 
+ 4% 5s' 5p^ 5d C'S) 'D 
+ 21%5s '5p '5d( 'DyD 
+ 16%5s'5p^5d('DyG 
+ 14%5s'5p^5d('D)^D 
+ 5% 5s' 5p^ 5d CPfF 
+ 15%5s'5p^5d('D)^F 
+ 5%5s'5p^5d('P)'F 
+ 20% 5s' 5p^ 5d ( 'D)^D 
+ 9% 5s' 5p' 5d ("8)^0 
+ 21%5s'5p^5d('D)^D 
+ 15%5s'5p'5d( 'P) 'F 
+ 31%5s'5p^5d('D)'F 
+ 4% 5s' 5p^ 5d ( ' o f F 
+ 25% 5s' 5p^ 5d ('P)^D 
+ 5% 5s' 5p^ 5d CDfP 
+ 38%5s'5p'5d( 'D) 'F 
+ 6% 5s' 5p^ 5d ('P^D 
+ 7% 5s 5p'* 4f CF,^PfD 
+ 29% 5s Sp" 4f ( ¥ > / D 
+ 5% 5s 5p' 4f (^F,¥)^G 
+ 9% 5s 5p'' 4f ( ¥ , ¥ / D 
+ 5% 5s Sp* 4f ( ' F > ) 5 F 
+ 31%5s5p''4f (^F/P)^F 
+ 5% 5s'5p^ 6d ("8)^0 
+ 8% 5s 5?" 4f ( ¥ > f D 
+ 7% 5s '5p'6d ('P^D 
+ 15%5s '5p^6d(VD 
+ 6% 5s 5p'' 4f ( ¥ > ) ' F 
+ 21%5s5p''4f (^F,^PyD 
+ 5% 5s 5p'' 4f ( ' F , ' D / D 
+ 18%5s5p''4f ( ^ F , ' D / D 





337770.9 338241.0 -470.1 
339154.0 
341987.5 342045.0 -57.5 
349334.0 


















+ 14% 5s Sp" 4f 
40% 5s^ 5p^ 6d 
+ 14% 5s^ 5p^ 6d 
39% 5s 5p'* 4f 
+ 8% 5s 5p'' 4f 
26% 5s^ 5p' 6d 
+ 16% 5s5p''4f 
29% 5s 5p'' 4f 
+ 16% 5s Sp"* 4f 
47% 5s^  5p^ 6d 
+ 10% 5s5p*4f 
36% 5s Sp" 4f 
+ 8% 5s^ 5p' 6d 
66% 5s^ 5p^ 6d 
+ 6% 5s^  5p^ 6d 
26% 5s^  5p^ 7s 
+ 13% 5s5p''4f 
73% 5s^ 5p^ 7s 
+ 5% 5s^ 5p^ 6d 
52% 5s 5p'' 4f 
+ 11% 5s5pMf 
24% 5s 5p'' 4f 
+ 14% 5s^  5p^ 6d 
31% 5s5p''4f 
+ 14% 5s5p*4f 
45% 5s 5p'' 4f 
+ 7% 5s^ 5p^ 6d 
21% 5s^5p^6d 
+ 14% 5s^  5p^ 6d 
32% 5s^ 5p^ 6d 
+ 9% 5s^ 5p^ 6d 
71% 5s^5p^7d 
+ 7% 5s^ 5p^ 7d 
68% 5s^ 5p^ 7d 
+ 5% 5s^ 5p^ 7d 
41% 5s5p''4f 
+ 16% 5s5p''4f 
52% 5s 5p'' 4f 
+ 10% 5s5p*4f 
61% 5s5p''6p 
+ 4% 5s 5p'' 6p 
34% 5s^ 5p^ 7d 
+ 9% 5s^ 5p' 7d 
57% 5s^  5p^ 7d 
8% 5s^ 5p^ 7d 
F , ' D ) ¥ + 10% 5s^ 5p^ 6d (^ D)^ D 
^D)^ G + 27% 5s 5p' 4f 0F , 'D)^G 
F , ' D ) ' D + 30% 5s 5p'* 4f ('F,'DyF 
F,'S)¥ + 7% 5s^ 5p' 6d CDfF 
^DfF + 22% 5s 5p'' 4f ( ¥ , ' D / F 
F , 'D)^D + 6% 5s^ 5p^ 6d ( V D 
F, 'D)^G + 23% 5s^ 5p^ 6d ("Of G 
F , ' D ) ' F + 5%5s5pUf ( ¥ / P ) ' F 
W D +17%5s^5p^6d(-D)^F 
F , ' D ) ' G + 6%5s5p'4f ( 'F , 'D) 'F 
F , ' D ) ' F +21%5s5p' '4f (^F,'D)\i 
^D) 'F + 7% 5s- 5p' 6d (^ D)-T 
^D) 'F +13%5s^5p^6d('D)'D 
^DfG + 5% 5s Sp"* 4f (^F, 'D) 'G 
^DfB +18%5s^5p^6d('P)'F 
F/Pyp + 10% 5s 5p'' 4f ( ¥ , ' S / F 
D / D + 6% 5s Sp" 4f ( ' F / P ) ¥ 
'P)^F + 5%5s5p''4f (^F,'S)^F 
' F , ^ P ) ¥ + 11% 5s 5p'' 4f ('F,^P)^D 
'F,'syF + 8%5s5p''4f ( ' F , ' D ) ' F 
' F , ^ P / G + 22% 5s 5p' 4f (^F, 'S) 'F 
^P)^F + 11% 5s^  5p^ 6d (¥)^D 
F , ' S ) ' F +21%5s5p' '4f ( •F , 'P ) 'D 
F , ' D ) ' F + 10%5s5p''4f ( 'F ,V)^G 








+ 7% 5s' 5p^ 6d (^D^G 
+ 17%5s'5p^6d(¥) 'F 
+ 10%5s5p''4f ( 'F,¥yG 
+ 27%5s '5p '6d(¥) 'F 
+ 7% 5s 5?" 4f f F,'P)'F 
+ 8% 5s' 5p^ 7d ('P)^D 
+ 4% 5s' 5p' 7d ( ' 'S) 'D 
+ 10%5s'5p^7d('P)'F 
+ 4% 5s' 5p^ 7d ( 'D)^G 
F ^ ^ G + 22% 5s Sp" 4f ( •F , 'S ) 'F 
p3pyp + 7o/„5s5p4 4f (3p igyp 
F,¥yD + 10% 5s 5p' 4f ( ' F , ' S ) ' F 
F > ) ' F + 9%5s5p''4f (¥ , ' syF 
i^PypfP + 27% 5s 5p'' 6p ( ( 'P) ' 'P) 'D 
D)¥ +17%5s '5p '7d( 'D) 'D 
S)^D + 8% 5s' 5p^ 7d ( ' P ) ' D 
D^G + 9% 5s' 5p^ 7d ( 'sf D 
D)'F + 7% 5s' 5p^ 7d ( ' P ) 'F 









































































































































5s5p^6p ((¥)'P)^D+ 16%5s5p*6p ((¥)"?)'? 
5s 5p'' 6p ( ( ¥ ) ' P / D + 6% 5s^ 5p^ 7d (^DfV 
5s^ 5p^ 7d (^ D)^ D + 35% 5s^ 5p^ 7d (^D)'F 
5s^ 5p^ 7d (^D)'F + 18% 5s^ 5p' 7d (^ D)^ D 
5s^ 5p^ 7d CDf¥ + 5% 5s^ 5p^ 7d (^ D)^ G 
5s 5p^ 6p ((¥)'P)^D + 16% 5s 5p'' 6p ( ( ^ / P ^ D 
5s 5p^ 6p ((^ P)"*?)^ ? + 5% 5s^ 5p' 8s (^D) 'D 
5s^  5p^ 8s (^ D)^ D 
5s^ 5p^ 8d C'S) 'D + 20% 5s^ 5p^ 8d ("8)^0 
5s 5p'' 6p ( ( ' P / P / D + 8% 5s^ 5p' 8d (^P)^? 
5s^ 5p' 8d (*S)'D + 25% 5s^ 5p' 8d ('*S)'D 
5s 5p'' 6p ( ( ^ / P f D + 8% 5s^ 5p^ 8d (¥)^D 
5s^ 5p^ 7d ( ¥ ) ' F + 28% 5s^ 5p' 7d (^P)'F 
5s^ 5p^ 7d (^P^D 
5s^ 5p^ 8d (^ D)^ F + 17% 5s^ 5p^ 7d ( ¥ ) ' F 
5s^ 5p^ 7d (^P)'F + 8% 5s^ 5p^ 7d {^DfG 
5s^ 5p^ 8d CufG + 10% 5s^ 5p' 8d (^D)'F 
5s^ 5p^ 8d (''S)^D + 8% 5s^ 5p^ 7d (^P)'F 
5s^ 5p^ 7d (^P)'F + 22% 5s^ 5p' 8d (^ D)^ G 
5s^ 5p^ 8d (^ D)^ F + 8% 5s^ 5p^ 7d (^D^G 
5s^ 5p' 7d (^ P)^ D + 16% 5s^ 5p^ 7d (¥)^F 
5s^ 5p^ 7d C D ) ' F + 8% 5s^ 5p^ 7d (^D^F 
5s^ 5p^ 8d (^ D)^ D + 30% 5s^ 5p^ 8d (^D)¥ 
5s Sp" 6p (( 'D)^D)^F + 4% 5s^ 5p^ 8d ( ' D ) ' F 
5s^ 5p^ 8d (^D)'F + 24% 5s^ 5p' 8d (^D) 'D 
5s^ 5p' 8d (^ D)^ G + 4% 5s Sp" 6p ( ( 'D)^D) 'F 
5s^ 5p' 9s (^D) 'D +11% 5s 5p'' 6p (('D)^DyF 
5s 5p'' 6p ( ( 'D)^D) 'F + 17% 5s^ 5p^ 9s (^ D)^ D 
5s^ 5p' 8d (^D)¥ 
5s 5p'' 6p (('Dr'D)'F + 10% 5s 5p'' 6p ( ( 'D) 'D)^D 
5s5p*6p (('D)'D)^D+12%5s5p'6p ( ( 'D)^D) 'F 
5s^ 5p' 8d (^ P)^ F + 31% 5s^ 5p^ 8d (^P)'F 
5s^ 5p' 8d CPfD 
5s^ 5p^ 8d (^P)'F + 29% 5s^ 5p^ 8d (^ P)^ F 
5s^ 5p' 8d (^D)'G + 6% 5s^ 5p^ 8d C'S) 'D 
5s^ 5p^ 8d f P)^ D + 10% 5s^ 5p^ 8d CofF 
5s^  5p^ 8d C?f¥ + 8% 5s^ 5p^ 8d (^D)'F 
5s 5p' 6p ((^P)2p)'D 
5s^ 5p' 5d ("8)^0 + 14% 5s^ 5p' 5d CpfF 
5s' 5p' 5d ( 'D)^G + 15% 5s' 5p' 5d ( 'D)^F 
5s' 5p^ 5d ('P)^F + 11 % 5s' 5p^ 5d ("*S)'D 
5s' 5p^ 5d ( ' D ^ F + 9% 5s' 5p' 5d ( ' D ^ G 
5s' 5p' 5d ( ' D ) ' G 
187788.5 187887.0 -98.5 72% 5s' 5p'' 5d ( ' D ) ' G + 23% 5s' 5p' 5d ( 'D)^G 
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362582.8 362486.0 96.8 
- 371036.0 
- 374525.0 
388953.7 389209.0 -255.3 
- 392133.0 
395497.3 395467.0 30.3 
395754.8 395760.0 -5.2 
- 404175.0 














































5s' 5p' 5d 
5s^ 5p' 5d 
5s Sp" 4f 
5s Sp" 4f 
5s 5p'' 4f 
5s Sp* 4f 
5s Sp" 4f 
5s 5p* 4f 
5s 5p' 4f 
5s 5p'' 4f 
5s 5p^ 4f 
5s^ 5p^ 6d 
5s^ 5p' 6d 
5s 5p'' 4f 
5s^ 5p^ 6d 
5s 5p^ 4f 
5s Sp' 4f 
5s^ 5p^ 6d 
5s^ 5p' 6d 
5s^ 5p^ 6d 
5s^ 5p^ 6d 
5s^ 5p' 6d 
5s 5p'' 4f 
5s^ 5p^ 6d 
5s Sp"* 4f 
5s 5p'' 4f 
5s 5p'' 4f 
5s 5p'' 4f 
5s Sp" 4f 
5s 5p'' 4f 
5s^ 5p^ 6d 
5s 5p^ 4f 
5s^ 5p^ 7d 
5s Sp"* 4f 
5s Sp" 4f 
5s^ 5p^ 7d 
5s Sp"* 6p 
5s 5p'' 6p 
5s^ 5p^ 7d 
5s^ 5p^ 7d 
5s^ 5p' 7d 
5s^ 5p^ 7d 
5s^ 5p^ 7d 
5s^ 5p' 8d 
5s^ 5p^ 7d 
D)^ G 
P^F +14%5s^5p-^5d(^D)'G 
+ 6% 5s^ 5p' 5d C'S)'D 
F,^P)5F + 7% 5s 5p' 4f (¥/P)^G 
F > / G + 24% 5s 5p'* 4f ( 'F /P/ l 
F,^PyG + 4% 5s 5p' 4f (^F, 'P) 'D 
F / P / G + 36% 5s 5p'' 4f CF.^P)'F 
F / P / D + 5% 5s Sp"* 4f (^F/P)^G 
F > ) ' D + 12% 5s^ 5p^ 6d ( ' S ) ' D 
F / P ) ' G + 6% 5s 5p'' 4f (^F,^P/F 
F > / G + 28% 5s 5p'' 4f (¥ /PyF 
F,'D)^H 
" S / D + 15% 5s 5p' 4f ( ' F / P / D 
2p)3p 
'F,'D)^H + 7% 5s 5p^ 4f (¥,'P)^G 
^ D / G + 14% 5s 5?" 4f ( ¥ , ' D ) ^ } 
'F, 'D)^G + 13% 5s^ 5p' 6d ( ' D ) ' G 
' F , ' D / F + 13% 5s 5p' 4f (¥,'S)^F 
D)¥ +10%5s^5p^6d(WG 
D ) ' G + 32% 5s 5p'' 4f CF,'D)\i 
D)¥ 
Df¥ +18%5s^5p^6d(^D)'G 
D / G + 5%5s5p''4f ( ' F / P ) ¥ 
F / D ^ G + 27% 5S^ 5p^ 6d ( W G 
^D)^ F + 5%5s^5p^6d(^D)'G 
F / D ) ' G + 9%5s5p**4f ('F,'pyF 
F / P ) ^ F + 10% 5s 5p'' 4f ( ' F , ' D ) ' G 
F,'D)¥ + 9%5s5p'4f ( ' F , ' S ) ¥ 
F , ' S ) ' F + 19% 5s 5p'' 4f ( 'F ,^P) 'G 
F,'D)¥ + 8%5s5p"'4f ( ' F , ' D ) ' G 
F,^P) 'G +41% 5s 5p' 4f ( 'F,- 'P)'G 
¥ / F + 1 0 % 5 s ' 5 p ' 6 d ( W G 
F,^P) 'G + 7% 5s^ 5p^ 6d (^D)'G 
* S / D +15%5s^5p '7d(¥) 'F 
F , ' P ) ' G + 29% 5s 5?* 4f ('F,'pyG 
F / S / F + 6% 5s 5p'' 4f { ' F > ) ^ F 
^DfG + 23% 5s^ 5p^ 7d (^D)'G 
fP)''P)^D + 13% 5s^ 5p' 7d ( 'P ) 'F 
( ' P ) ' P ) ' D + 9% 5s' 5p^ 7d ('D)^G 
' S / D + 6%5s'5p^7d('D)'G 
D / F + 24% 5s' 5p' 7d ( 'D)^G 
D ) ' G 
D ) ' G + 27% 5s' 5p' 7d ('D)^F 
D)^G 
S ) ' D + 16% 5s' 5p' 8d ( ' P ) ' F 
Pf¥ + 12% 5s' 5p^ 7d ('Df G 
100 Table 5.2 Continued 
+ 9% 5s^ 5p^ 7d (^D)'G + 6% 5s^ 5p^ 7d C*S)'D 
- 421815.0 - 37% 5s^ 5p^ 8d ( ^ D / G + 28% 5S^ 5p^ 8d (^D)'G 
+ 16% 5s^ 5p' 8d CsfD + 13% 5s^ 5p^ 8d ( ¥ ) ' F 
- 427373.0 - 82% 5s^ 5p' 8d (^D)'F + 9% 5s^ 5p^ 8d ( 'D)^G 
+ 5% 5s 5p' 6p (( 'D)^D)^F 
- 427845.0 - 59% 5s^  5p'8d (^D)'G + 38% 5S^ 5p^ 8d ( W G 
- 434644.0 - 84% 5s 5p'' 6p ( ( ' D ) ' D / F + 6% 5s^ 5p^ 8d (^D^F 
+ 4% 5s 5?" 6p ( ( ¥ ) ' ' P ) ' D 
- 453761.0 - 70% 5s^ 5p^ 8d ( ^ P / F + 11% 5S^ 5p^ 8d ( W G 
+ 9% 5s^ 5p' 8d (^D)'G + 6% 5s^ 5p' 8d ( ' 'S) 'D 
187910.9 187488.0 422.9 99% 5s^ 5p^ 5d ( ' D ) ' G 
- 282983.0 - 86% 5s 5p''4f ( ¥ > ) 5 F + 11% 5s 5?'4f (^F, 'P) 'G 
- 294711.0 - 58% 5s 5p'' 4f ( ¥ / P ) ' G + 29% 5s 5?' 4f (^F,^P)'G 
+ 6% 5s 5p"' 4f ( ¥ > ) 5 F + 5% 5s 5p^ 4f ( ¥ , ' D ) ^ H 
- 302479.0 - 6 3 % 5s 5?" 4f (^F,'P/G + 2 6 % 5s 5p'' 4f (^F,^P)'G 
+ 7% 5s Sp" 4f (¥,'P)5F 
- 323774.0 - 91% 5s 5p^4f ( ¥ , ' D ) ' H 
- 330881.0 - 86% 5s 5p"'4f ( ' F , ' D ) ' H + 5% 5s 5p''4f (^F,'D)^G 
+ 4% 5s 5p'' 4f ( ¥ , V ) ' G 
- 334875.0 - 57% 5 s ^ 5 p ' 6 d ( W G +40% 5s 5p'4f ( ' F , ' D / G 
- 340359.0 - 49% 5s 5p"'4f ( ¥ , ' D ) ^ G +41% 5s^ 5p^ 6d (^ D)^ G 
+ 4% 5s5p''4f ( ' F , ' D ) ' H 
- 359673.0 - 90% 5s 5p'' 4f ('F,^P)^G 
- 395873.0 - 100% 5s^ 5p'7d ( W G 
- 427944.0 - 100% 5s^ 5p^ 8d ( W G 
- 290882.0 - 94% 5s 5p''4f ( ¥ / P ) ' G + 6% 5s 5p''4f ( 'F , 'D)^H 
- 325857.0 - 94% 5s 5p'4f (^F,'D)^H + 6% 5s 5pMf ( ^ F . ^ G 
Table 5.3 LSF and HF energy parameters of Ba V in cm' 
101 
configuration 
Even Parity Configuration 
5s^ Sp" 
5s^ 5p^ 4f 
5s^ 5p^ 6p 








F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
EAV(5S' 5p^ 4f) 




F'( 4f, 5p) 
F \ 4f, 5p) 
G'( 4f, 5p) 
G^ { 4f, 5p) 
G\ 4f, 5p) 
EAV(5S' 5p^ 6p) 




F'( 5p, 6p) 
F\ 5p, 6p) 
G°( 5p, 6p) 
G'( 5p, 6p) 
G'( 5p, 6p) 
EAV(5S' 5p^ 7p) 




F'( 5p, 7p) 
F'( 5p, 7p) 
G\ 5p, 7p) 
G'( 5p, 7p) 
G\ 5p, 7p) 
EAV(5P') 
R'( 5p, 5p; 4f, 5p) 














































































































































5s' 5p' 4f-5s' 5p^ 7p 
5s' 5p^ 6p -5s' 5p' 7p 
R'( 5p, 5p; 5p, 6p) 
R°( 5p, 5p; 5p, 7p) 
R'( 5p, 5p; 5p, 7p) 
R' ( 5S, 5S; 5p, 5p) 
R'( 4f, 5p; 5p, 6p) 
R'( 4f, 5p; 6p, 5p) 
R'( 4f, 5p; 5p, 7p) 
R'( 4f, 5p; 7p, 5p) 
R°{ 5p, 6p; 5p, 7p) 
R' ( 5p. 6p; 5p, 7p) 
R°( 5p, 6p; 7p, 5p) 
















































Odd Parity Configuration 
5s 5p' 
5S' 5p^ 5d 
5s' 5p' 6d 




G'( 5s, 5p) 
EAV(5S' 5p^ 5d) 




F'( 5p. 5d) 
F' ( 5p, 5d) 
G'( 5p, 5d) 
G'( 5p, 5d) 
G'( 5p, 5d) 
EAV(5S' 5p' 6d) 




F'( 5p, 6d) 
F ' ( 5p, 6d) 
G'( 5p, 6d) 
G' ( 5p, 6d) 
G^ 5p, 6d) 
EAV(5S' 5p' 7d) 
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5s^ 5p^ 8d 
5s^ 5p^ 6s 
5s^ 5p^ 7s 
5s^ 5p^ 8s 
5s^ 5p^ 9s 
5s 5p 6p 
zeta( 5p) 
zeta( 7d) 
F'( 5p, 7d) 
F'( 5p, 7d) 
G'( 5p, 7d) 
' G (^ 5p, 7d) 
G'( 5p, 7d) 
EAV(5S^ 5p' 8d) 




F'( 5p, 8d) 
F'( 5p, 8d) 
G'( 5p, 8d) 
G (^ 5p, 8d) 
G (^ 5p, 8d) 
EAV(5S^ 5p^ 6s) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 6s) 
EAV(5S^ 5p' 7s) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 7s) 
EAV(5S^ 5p^ 8s) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 8s) 
EAV(5S2 5p^ 9s) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 9s) 
EAV(5S Sp" 6p) 































































































































































-5s^ 5p' 5d 
-5s^ 5p' 6d 
-5s^ 5p^ 7d 
-5s^ 5p' 8d 
-5s^ 5p^ 6s 
-5s^ 5p^ 7s 
-5s^ 5p' 8s 
-5s- 5p' 9s 
-5s 5p'' 6p 
-5s 5p'' 4f 
5d -5s^ 5p^ 6d 
5d -5s^ 5p^ 7d 




F'( 5p, 6p) 
F\ 5p, 6p) 
G'( 5s, 5p) 
G'( 5s, 6p) 
G\ 5p, 6p) 
G'( 5p, 6p) 
G'( 5p, 6p) 
EAv(5s5pMf) 




F'( 4f, 5p) 
F (^ 4f, 5p) 
G (^ 4f, 5s) 
G (^ 4f, 5p) 
G (^ 4f, 5p) 
G\ 4f, 5p) 
G'( 5s, 5p) 
R' ( 5p. 5p; 5s, 
R'( 5p. 5p; 5s, 
R'{ 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 
R ' ( 5p, 5p; 5s, 
R'( 5p, 5p; 5s, 
R'( 5p, 5p; 5s, 
R°( 5s, 5p; 5s, 











R°( 5p, 5p; 5p, 6p) 
R^( 5p, 5p; 5p, 6p) 
R (^ 5p, 5p; 4f, 5p) 
R°( 5p, 5d; 5p, 6d) 
R\ 5p, 5d; 5p, 6d) 
R' ( 5p, 5d; 6d, 
R (^ 5p, 5d; 6d, 
5p) 
5p) 
R°( 5p, 5d; 5p, 7d) 
R^ { 5p, 5d; 5p, 7d) 
R' ( 5p, 5d; 7d, 
R ' ( 5p, 5d; 7d, 
.5p) 
.5p) 
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5s^ 5p^ 5d -5s^ 5p' 6s 
5s^ 5p^ 5d -5s^ 5p^ 7s 
5s^ 5p' 5d -5s^ 5p' 8s 
5s^ 5p^ 5d -5s^ 5p' 9s 
5s^ 5p^ 5d -5s 5p' 6p 
5s^ 5p' 5d -5s 5p'' 4f 
5s^ 5p^ 6d -5s^ 5p' 7d 
5s^ 5p' 6d -5s^ 5p' 8d 
5s^  5p' 6d -5s^ 5p' 6s 
5s^ 5p' 6d -5s^ 5p^ 7s 
5s^ 5p' 6d -5s^ 5p' 8s 
5s^ 5p' 6d -5s^ 5p^ 9s 
5s^ 5p^ 6d -5s 5p'' 6p 
5s^ 5p' 6d -5s 5p'' 4f 
5s^ 5p^ 7d -5s^ 5p^ 8d 
5s^ 5p' 7d -5s^ 5p^ 6s 
5s^ 5p' 7d -5s^ 5p^ 7s 
5s^ 5p^ 7d -5s^ 5p^ 8s 
R'( 5p, 5d; 5p, 8d) 
R'( 5p, 5d; 8d, 5p) 
R ' ( 5p, 5d; 8d, 5p) 
R (^ 5p, 5d; 5p, 6s) 
R'( 5p, 5d; 6s, 5p) 
R (^ 5p, 5d; 5p, 7s) 
R'( 5p, 5d; 7s, 5p) 
R (^ 5p, 5d; 5p, 8s) 
R'( 5p, 5d; 8s, 5p) 
R (^ 5p, 5d; 5p, 9s) 
R'( 5p, 5d; 9s, 5p) 
R ' ( 5s, 5d; 5p, 6p) 
R ' ( 5S, 5d; 6p, 5p) 
R (^ 5s, 5d; 4f, 5p) 
R' ( 5S, 5d; 5p, 4f) 
R°( 5p, 6d; 5p, 7d) 
R (^ 5p, 6d; 5p, 7d) 
R"( 5p, 6d; 7d, 5p) 
R ' ( 5p, 6d; 7d, 5p) 
R°( 5p, 6d; 5p, 8d) 
R\ 5p, 6d; 5p, 8d) 
R ' ( 5p, 6d; 8d, 5p) 
R (^ 5p, 6d; 8d, 5p) 
R (^ 5p, 6d; 5p, 6s) 
R'( 5p, 6d; 6s, 5p) 
R (^ 5p, 6d; 5p, 7s) 
R ' ( 5p, 6d; 7s, 5p) 
R (^ 5p, 6d; 5p, 8s) 
R'( 5p, 6d; 8s, 5p) 
R (^ 5p, 6d; 5p, 9s) 
R' ( 5p, 6d; 9s, 5p) 
R'( 5s, 6d; 5p, 6p) 
R'{ 5s, 6d; 6p, 5p) 
R ' ( 5S, 6d; 4f, 5p) 
R ' ( 5S, 6d; 5p, 4f) 
R\ 5p, 7d; 5p, 8d) 
R (^ 5p, 7d; 5p, 8d) 
R'( 5p, 7d; 8d, 5p) 
R (^ 5p, 7d; 8d, 5p) 
R (^ 5p, 7d; 5p, 6s) 
R' ( 5p, 7d; 6s, 5p) 
R (^ 5p, 7d; 5p, 7s) 
R ' ( 5p, 7d; 7s, 5p) 
R (^ 5p, 7d; 5p, 8s) 


















































































































































































106 Table 5.3 Continued 
5s^ 5p' Id -5s^ 5p^ 9s 
5s^ 5p' 7d -5s Sp" 6p 
5s^ 5p^ 7d -5s Sp' 4f 
5s^ 5p' 8d -5s^ 5p^ 6s 
5s^ 5p^ 8d -5s^ 5p' 7s 
5s^ 5p' 8d -5s^ 5p^ 8s 
5s^ 5p' 8d -5s^ 5p^ 9s 
5s^ 5p^ 8d -5 s 5p'' 6p 
5s^ 5p-' 8d -5s 5p'' 4f 
5s- 5p^  6s -5s^ 5p-' 7s 
5s^ 5p^ 6s -5s^ 5p' 8s 
5s^ 5p^ 6s -5s^ 5p' 9s 
5s^ 5p^ 6s -5s 5p'' 6p 
5s^ 5p' 7s -5s= 5p^ 8s 
5s^ 5p^ 7s -5s^ 5p^ 9s 
5s^ 5p' 7s -5s Sp"* 6p 
5s^ 5p' 8s -5s^ 5p^ 9s 
5s^  5p' 8s -5s 5p^ 6p 
5s^ 5p^ 9s -5s Sp" 6p 
5s 5p'' 6p -5s 5p'' 4f 
R (^ 5p, Id; 5p, 9s) 
R'( 5p, 7d; 9s, 5p) 
R'( 5s, 7d; 5p, 6p) 
R' ( 5S, 7d; 6p, 5p) 
R (^ 5s, 7d; 4f, 5p) 
R'( 5s, 7d; 5p, 4f) 
R (^ 5p, 8d; 5p, 6s) 
R ' ( 5p, 8d; 6s, 5p) 
R (^ 5p, 8d; 5p, 7s) 
R' ( 5p, 8d; 7s, 5p) 
R (^ 5p, 8d; 5p, 8s) 
R' ( 5p, 8d; 8s, 5p) 
R (^ 5p, 8d; 5p, 9s) 
R' ( 5p, 8d; 9s, 5p) 
R'( 5s, 8d; 5p, 6p) 
R ' ( 5S, 8d; 6p, 5p) 
R (^ 5s, 8d; 4f, 5p) 
R'( 5s, 8d; 5p, 40 
R^ 5p, 6s; 5p, 7s) 
R' ( 5p, 6s; 7s, 5p) 
K\ 5p, 6s; 5p, 8s) 
R'( 5p, 6s; 8s, 5p) 
R°( 5p, 6s; 5p, 9s) 
R' ( 5p, 6s; 9s, 5p) 
R ' ( 5s, 6s; 5p, 6p) 
R' ( 5S, 6S; 6p, 5p) 
R"! 5p, 7s; 5p, 8s) 
R' ( 5p, 7s; 8s, 5p) 
R^ C 5p, 7s; 5p, 9s) 
R' ( 5p, 7s; 9s, 5p) 
R'( 5s, 7s; 5p, 6p) 
R ' ( 5S, 7S; 6p, 5p) 
K\ 5p, 8S; 5p, 9s) 
R'( 5p, 8S; 9S. 5p) 
R'( 5s, 8s; 5p, 6p) 
R' ( 5S, 8S; 6p, 5p) 
R ' ( 5S, 9S; 5p, 6p) 
R ' ( 5S, 9S; 6p, 5p) 
R^( 5p, 6p; 4f, 5p) 






























































































































































The Spectrum of Five Times Ionized Barium Ba VI 
6.1 Introduction 
The sixth spectrum of barium belongs to Sb I isoeloctronic sequence. Its ground 
configuration is 5s^5p^ This spectrum was first studied by Tauheed and Joshi [48] in 
1994. They analyzed the ground configuration and the three lowest excited configurations 
namely SsSp"*, 5s^5p^5d and 5s^5p^6s. They reported all the five levels of the ground 
configuration and 42 out of 44 levels of the above mentioned three excited 
configurations. Except this work, a EUV absorption spectrum of Ba VI in addition with 
Ba IV and Ba V was photographed by Murphy etal [30] in 2005 using the dual laser 
plasma (DLP) technique. They studied 4d'°5s^5p^ - 4d^5s^ 5p'* transitions in which a 4d 
electron is promoted into the 5p shell. In recent activities on this ion, a compilation of 
energy levels with designation and uncertainties, classified transitions, transition 
probabilities, ground states and ionization energies of barium ions; Ba III- LVl was 
published by Sansonetti and Curry [31] in 2010. Present work is an extension to this 
spectrum. 
6.2 Energy Level Structure of Ba VI 
Since the ground most configuration is 5s^5p ,^ therefore, the lowest excited 
configuration is its core excitafion giving SsSp"* configuration. The excitation from the 
outer shell gives 5s^5p^nd, 5s^5p^ns, 5s^5p^np and 5s^5p^nf configurations. Further 
excitation of 5s5p'* configuration gives rise to 5p^ and 5s5p^nl configurations. The levels 
arising from few of these configurafions are as follows: 
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6.3 Analysis and Discussions: 
6.3.1 Even Parity Configurations 
Ab initio calculations 
The theoretical predictions of energy levels and transition probabilities were made using 
Cowan's code [7] in relativistic hartree fock (HFR) mode. In the initial calculations we 
included 5s'^ 5p^ (5d + 6d + 7d + 8d), 5s^ 5p^ (6s + 7s + 8s + 9s) configurations arising 
from outer excitation and 5s5p'*, 5s5p^6p, 5s5p^4f, 5p'*5d, 5p'*6s configurations from 
internal excitation, in the even parity matrix. For the initial scaling of energy parameters 
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we made a thorough study of variation of these parameters in the Sb I isoelectronic 
sequence [37, 52-63] and fixed them initially as follows: 
Eave and q (zeta) were kept at 100%, F'' was taken as 85%, G'' as 75% and R'' was kept at 
75% of HFR values for these configurations. 
The relative position and energy spread of these configurations are shown in Fig. 6.1 and 
Fig. 6.2 respectively. 
5s^ 5p^  - [5s5p'* + 5s^ 5p^ (5d+6s)] transition array: 
First outer excitation of 5s^5p^ configuration gives rise to 5s^5p^ (5d + 6s) 
configurations, while core excitation leads to 5s5p'* configuration. All these 
configurations were studied by Tauheed and Joshi, as mentioned before. All the five 
levels of ground configuration and all but two levels of these three excited configurations 
were reported. Our study of this spectrum begins with the verification of this work. We 
carried out the analysis independently and confirmed all the previously reported levels. 
5s5p'* and 5s^5p^5d configurations are strongly mixed with each other while 5s^5p^6s 
configuration has no mixing with these two configurations. All the levels of 5s5p'* and 
5s^5p^6s configurafions could be designated by their leading LS components. It is to be 
noficed that the level ('S)^Si/2 of 5s5p'* configurafion have 26% admixture of (^P/DI/2 of 
5s^ 5p^5d configuration and 21% of (^ P)^ Pi/2 of 5s5p'* configurafion and the level CPfPm 
of 5s5p'' configuration have 28%) mixing of (^ P)^ P3/2 of 5s^5p^5d configuration and 11% of 
('D)^ P3/2 of 5s^ 5p^5d configuration. All the levels of 5s^5p^5d configuration could be 
designated by their leading LS components except the two levels, one CD) "D5/2 of these 
two lying at 236640.8 cm"' named on its second highest component and the other (^ P) 
^¥5/2 lying at 257299.1 cm' on its third highest component. The levels of J = 9/2 of 
5s'5p^5d configuration are now established with the help of identification of transition 
from the levels of 5s^5p^6p configuration (discussed in the section 6.3.2). 
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Fig.6.1. EAV (HF)/Z value for even parity configurations in Sb I sequence from Te II to 
La VII. EAV is the centre of gravity of the configuration obtained using reiativistic 
Hartree-Fock calculations, and Z is the charge number (Z = 2 for Te II, 3 for I III and so 
on). 
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Fig.6.2. Energy spread of various even parity configurations in Ba VI; filled rectangles 
represent the analyzed configurations. 
5s^ 5p^  (6d+7d) and 5s^ 5p^ (7s+8s) configurations 
2c_2„ The next excited configurations in 5s"5p nl series are Ss-Sp^Sd+Td) and 
5s'5p^(7s+8s). Transitions from these configurations to the levels of ground configuration 
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fall in that region in which reflectivity of the normal incidence is not quite good. Hence 
these transitions were not observed by us in this work. The levels of these configurations 
were established by their transition to the levels of 5s^5p"6p configuration. We could 
establish twenty nine levels out of thirty six levels of the 5s 5p''6d and 5s'5p'7s 
configurations. Name given to the levels of 5s^5p^7s configuration are their leading LS 
components while a few levels of 5s^5p^6d configuration were not named on their 
leading LS component. The level (^ P) ^DTQ at 383178.6 cm"' and ( 'D) ^^sa at 410143.9 
cm"' are named on second highest LS component while the level (^ P) ''P5/2 at 365693 cm'' 
is named on its third highest LS component. The levels of 5s 5p 7d configurations are 
mixed with those of 5s5p^6p configuration as these configurations are overlapping. A 
single level ('S) ^05/2 of 5s^5p^7d at 502175 cm"' has 16% admixture of (^ P) ^ F5/2 level of 
5s^ 5p^8d configuration. We could establish only ten levels of 5s^5p^7d configuration in 
the present work. The purity of 5s^5p^7d levels is poor, mere four levels have their 
leading components greater than 50%; however, we have retained LS designation for 
these levels. Six out of eight levels of 5s^5p^8s configuration are established. All the 
levels of 5s^5p^8s configuration have their leading LS components more than 50% hence 
they are designated by the leading LS components. 
6.3.2. Odd Parity Configurations 
Ab initio calculations 
In the ab initio calculations for odd parity matrix we include 5s^5p\ 5s^ 5p^4f, 
5s^5p'5f, 5s^5p'6p, 5s^5p^7p, 5p^ 5s5p^6s, 5s5p^5d and 5p'*6p configurations. Thus 
almost all the interacting configurations are included in the initial calculations to obtain a 
precise location of energy levels and for accurate prediction of transition probability. The 
scaling of energy parameters for these configurations were derived from their values in 
the Sb I isoeloctronic sequence [52-63]. Have and q (zeta) were kept at 100%, F'' was taken 
as 85%, G'' as 75% and R'' was kept at 75% of HFR values for these configurations. The 
relative position and energy spread of the configurations of odd parity are shown in Fig. 
6.3 and Fig. 6.4 respectively. 
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Fig.6.3. EAV(HF)/Z value for odd parity configurations in Sb I sequence from Te II to La 
VII. EAV is the centre of gravity of the configuration obtained using relativistic Hartree-
Foclc calculations, and Z is the charge number (Z = 2 for Te II, 3 for I III and so on). 
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Fig.6.4. Energy spread of various odd parity configurations in Ba VI; filled rectangles 
represent the analyzed configurations. 
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[5s5p + 5s 5p (5d+6s)] - 5s 5p 6p transition array 
The 5s 5p''6p configuration is very important for the study of 5s'5p"^ nd and 
5s'5p ns configurations. In the present work the levels of 5s^5p^4f configuration could 
not be located as the transitions of the [5s^5p^nd - 5s^5p^4f] array lie outside the present 
region of investigation. Since the levels of SsSp"* and 5s'5p'5d configurations are mixed, 
therefore we observed the 5s5p''-5s'^5p'6p transitions. From the ah-initio ca\cu\ai\ons, we 
noticed that the transition probabilities for the transitions of [(SsSp"* + 5s'^ 5p~5d + 
5s 5p 6s)-5s 5p'6p] array were sufficiently strong and most transitions of this array lie 
within the present wavelength region of investigation, therefore we analyzed this array 
and successfully located all the 21 levels of 5s^5p^6p configuration. Approximately 50% 
levels of this configuration have average purity more than 50% in LS coupling. Out of 
twenty one levels of this configuration, we could assign LS designation to nineteen levels 
as their leading components. One level (^ P) 'D3/2 at 306506 cm' has been named as its 
second highest component and one level (^ P) 0^5/2 at 335452 cm"' as its third highest 
component. 
The optimization of energy levels is done using the program least-squares 
level optimization program (LOFT) [24]. We found reasonably good agreement with 
theoretical calculations. The standard deviations for even and odd parity configurations 
were found to be 315 cm"' and 221 cm"' respectively. All the identified lines of this 
spectrum are given in Table 6.1. The least square fitted energy levels of both parities 
along with their LS percentage composition are given in Table 6.2. The fitted energy 
parameters of the configurations studied in the present work along with their scaling 
factors are given in Table 6.3. 
An energy level diagram showing the transitions studied is given in Fig. 6.5. 
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Fig. 6.5 Energy level diagram of Ba VI. Energy levels and transitions shown in black 
colour are analyzed by Tauheed and Joshi [48] and that shown in red and blue colour are 
studied in the present work while that in cyan colour are not studied. 
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6.4 Ionization Potential 
We carried out calculations for the determination of series limit of the 
Ba VI spectrum as three members of 5p nd (5, 6 and 7) and 5p n's (6, 7 and 8) series 
were identified satisfactorily. The levels of 5p'nd series are heavily mixed but the 
situation is far better in case of 5p^ns series. Using those levels of 5p'ns series which 
have purity more than 50% in all its three members we estimated the ionization potential. 
We considered (¥) ^P^, &) ^Pi/2, (^ P) ^Ps/iand ( 'D) ^Dsa sets of Span's series. The first 
set gives the limit 567613 cm"' converging to ground most level P^o of Ba VII. The 
second set converges to the level P^) (15507 cm"') of Ba VII, giving the value 567101 
cm'. The third set converges to the level P^2 (21499 cm"') of Ba VII and gives the value 
567812 cm'. Finally the last set converges to 'D2 (42514 cm"') of Ba VII and gives the 
value 567237 cm"'. Therefore we adopt the value 567440 ± 400 cm"' or 70.3536 ± 0.0496 
eV. The first estimation of series limit of Ba VI spectrum was done by Rodrigues et al 
[51]. Using the Dirac-Fock approximation they obtained atomic binding energies and 
hence the ionization potential. They reported the limit value as 573000 cm" or 71 eV 
without giving any uncertainty. 






































































































































5 s V ( ' S ) % / 2 
5S'5P^(2D)'D5,2 
5s'5p^^S)'S3/2 
5sV( 'P) 'P3/2 
5s^5p^ (^D) 'D3/2 
5s'5p^ (^ D) 'D3/2 
5s'5p^^S)'S3/2 
5sV( 'D) 'D5;2 
5 S V ( ' D ) ' D 3 / 2 
5s'5p^ (^ D) 'D5/2 
5s^5p^eP)%2 
5 S V ( ' D ) ' D 3 / 2 
5sV( 'P) 'P3/2 
5 S V ( ' D ) ^ D 5 / 2 
5 s V ( ' S ) % / 2 
5 s V ( ' P ) ' P . / 2 
5s^5p^CS)%2 
5s'5p^(^D)'D3/2 
5 S V ( ' D ) ' D 5 , 2 
5sV('D)^D5/2 
5s'5p^ (^ D) ^ D3/2 
5s^5p^(2p)^P,/2 
5 s V ( ' S ) % 2 
5 S V ( ' D ) ' D 3 / 2 
5s^5p^(^S)%2 
5 S V ( ' D ) ^ D 3 / 2 
5 s V ( ' S ) % 2 
5sV('D)^D5,2 
5s'5p^ CP) ^P3/2 
5s^5p^ (^ P) 2p„2 
5s^5p^ (^ D) 'D,n 
5s^5p^ (^ D) 'D3/2 
5s^5p' (^ S) 'S3/2 
5s^5p^fD)'D5/2 
5s25p^ (^ D) ^ D3/2 





























































( 'D) 'D5/2 






























































































































































































































































































5s'5p' (^ D) 'D3/2 
5s'5p^(^S)*S3/2 
5s'5p' (^ D) 'D5/2 
5s^5p^ (^ S) *S3/2 
5s^5p^ (^ D) 'Dsn 
5s'5p' ('D) 0^3/2 
5s^5p^ (^ P) P^3/2 
5s^5p' ('P) ^ P,/2 
5s'5p' (^ D) D^3/2 
5s^5p'(^P)^P,/2 
5s'5p' ('?) ¥3/2 
5s'5p' e?) ¥3/2 
5s'5p' (^ D) 'D5,2 
5s^5p^*S)%2 
5s^5p^(^P)^P3/2 
5s^5p^ (^ D) 'Dsn 
5s'5p' (^ D) 0^3/2 
5s'5p' ('P) 'P,/2 
5 s V ( ' P ) ' P i / 2 
5s'5p' (^D) D^3/2 
5s^5p'('S)^S3/2 
5s25p^('P)%2 
5sV( 'D) 'D3/2 
5S25P^'D)2D5/2 




5s^5p' ('D) 0^5/2 
5s'5p' (^ D) 'D,n 
5sV( 'P ) 'P i / 2 
Ss^Sp' ('P) 'P3/2 
5s'5p' CP) 'P3/2 
5s^5p' (^D) D^3/2 
5s^5p' ('D) ^ D3/2 
5sV(*S)'S3/2 
5s^5p^ (^ P) 'P,/2 
5s'5p'('P)'P,/2 
5s^5p^'S)%2 
5s'5p' ('D) 'D3/2 
5s^5p^ CP) ¥3/2 
5s '5p ' ( 'S)%2 
5s'5p' ('P) 'P3/2 





























































:'D) ^ s,/2 
:'p) 'D3,2 
: ' p )%2 
'D) 0^3/2 
'D)'P,/2 
' P ) % 2 
'P)'D3/2 














' P ) % 2 
'P) 'Pl/2 
'P)'P3/2 








































































































































































































































































































































^ ' D ) ' D 5 / 2 






















































































> ) 'D3 /2 
;'P)'D7/2 
:'p)'p./2 
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5p^6p (^ P) 'D5/2 
5S^5p^ ( ¥ ) 'Py2 
5p^6p ('P)V5/2 
5s5p^ ( ¥ ) ¥,;2 
5p^6p ('D)^D5/2 
5p'6p (^ P) %2 
5p^6p ('0)^7/2 
5s'5p^^P)-P3/2 
5s^5p^ (^ P) ^P„2 
5s'5p^ (^ S) 'S3/2 
5p'6p ('S) P^3/2 
5p'6p ( 'P) 'D3/2 
5p^6p (^ P) 'P,/2 
5S'5P^(2D)2D3/2 
5s^5p^ (^P) ^P,/2 
5s'5p^ (^ D) 'Dsa 
5p'6p eP)%n 
5p'5d CP) %n 
5p'5d e?) %a 
5p^6p (^P)¥3/2 
5p^5d ('P)'Pw2 
5p^6p ( ¥ ) D^3/2 
5s'5p^ (^D) ^ D5/2 
5s^5p' (^ P) ¥3/2 
5p'5d ('P)'D5/2 
5p^5d (^ P) *F3/2 
5s5p' ('D) D^3/2 
5p'5d ('P)*D5/2 
5s'5p^('P)%2 
5p^5d ('P) 'D3/2 
5p^5d ('D) ¥5/2 
5s'5p' ('S) *S3/2 
5s'5p^'P)'P3/2 
5p'5d ('D) 6^7/2 
5p^5d (^ P) 'F3/2 
5s25p' ('D) 0^3/2 
5p'5d ('P)'P,/2 
5s5p' ('S) ^S„2 
5p25d ('P)'F7/2 
5p'5d (^ P) *F3/2 
5p'5d ('P)'F5/2 
5p25d ('D) 'Ds,2 
5p25d ('P) 'P3/2 
5s'5p' ('P) ¥,/2 
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; 's) ^P3/2 
' P ) % 2 
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( 'D) 'Dyj 
( 'P) 'P5/2 
( 'P ) 'P , / 2 
( 'S) 'D3/2 
( 'P) 'S,/2 
( 'D) 'Dv2 
( 'P) 'P5/2 
( 'P) 'F7/2 
( 'P) 'D3/2 




: 'P) 'P5/2 
; ' p ) %,2 
'P ) 'P3/2 
: 'D) 'D3/2 
' S ) ' D 5 / 2 
' P ) ' P . / 2 
' P ) 'D5/2 
' P ) 'D3/2 
' S ) 'P , / 2 
'P)' 'P5/2 




' P ) % 2 
' P ) ' D 7 / 2 
'P ) 'P3/2 
' P ) 'D5/2 
'D) 'P,/2 
' D ) ' D 5 / 2 
' P ) 'P3/2 
'P) 'D3/2 







' P ) 'D5/2 
' P ) 'P5/2 














































( 'D) 'D3/2 
( 'P) 'S3/2 
( 'P) 'P3/2 
(•S) ^P,/2 
( 'P) 'P,/2 
( 'D) 'D3/2 
( 'P) 'P5/2 
( ' D ) % 2 
( 'P) 'P3/2 
( 'P) 'S3/2 
( 'P ) 'P . /2 
( 'P) 'D7/2 
( 'P) 'Pl/2 
( 'P) 'P5/2 
( 'P) 'D5/2 
[ 'P) 'P , /2 
( 'D) 'D3/2 
( 'P) 'D5/2 
( 'D) 'P,/2 
['D) 'D3/2 
( 'P) 'P3/2 
' 'S)^S,/2 
( 'P) 'D3/2 
'D) 'Dsn 
( 'D) 'P3/2 
' P ) % 2 
'D) ^D5/2 
' P ) 'P5/2 




: ' s ) 'D3/2 
' P ) 'P3/2 
' P ) ' P , / 2 
'S) 'D5/2 
' P ) ¥3/2 
' P ) 'P./2 
' P ) 'Pl/2 
' D ) 'D3/2 
/ D ) ^F5/2 
'D) ^D5/2 
' P ) 'F7/2 

































































































































































































































































































































































' ' D ) % 2 
:'D) 'p,/2 




' D ) % 2 
'S)'P3/2 
'P)'D3/2 














































































[ ' P ) % 2 
['D)¥,/2 
:'P)'F7/2 





' 'p) 'D5/2 
' 'D) ¥7/2 
'S)'D5/2 
' P ) % 2 

























































































































































































5p^6p e?) ¥,/2 
5p'6p ('D)¥3/2 
5p^6p ('D) ¥3/2 
5p^6p ('P) 2p,« 
5p'6p ('D) 'P3/2 
5p^6p (¥ ) 0^3/2 
5p26s ('D) D^5/2 
5p'6s ('0)^03/2 




5p'6s ('D) 'D5/2 
5p'6s ( 'P)%2 
5p'6s ('P)'P3/2 
5p'6s ('D)^D3/2 
5p^6d ('P) 'D3/2 
5p26d ('D) % 2 
5p^6d ('D)-S,/2 
5p^6d CP) 'PI/2 
5p^6d ('D) ¥3/2 
5p'6d ('P)'P5/2 
5p^6p ('D) ¥3/2 
5p'6p ('D) P^3/2 
5p^6p ('P)'P5/2 
5p'6p ('D) 'F5/2 
5p^6p ('S) P^3/2 
5p'6p ('P)'P5/2 
5p^6p ('D) 'F7/2 
5p'6p ('P)'D7/2 
5p'6p ('P)*D5/2 

















































"Intensity figures are visual estimate of photographic biacicening. 
^ In log (gf), f represents the oscillator strength and g the statistical weight 2JL+1 of the lower level 
' In gA, A represents the transition probability and g the statistical weight 2Ju4 
•* Transition probabilities (gA) obtained by Cowan's code. 
' Observed wavelength value - Ritz value. 
of the upper level. 
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.-h Table 6.2 Calculated and observed energy level values (in cm' ) of 
Ba VI and percentage LS composition 
J E(obs) E(LSF) diff. LS-composition 
Odd Parity Configurations 








+ 12% 5s' 5p' 6p ( ' S ) ¥ 
3 D \ 2 C 303269.5 303583.0 -313.5 43% 5s '5p '6p ( T r S 
313454.9 313438.0 16.9 
+ 22% 5s' 5p' 6p ( ¥)"? 
63% 5s' 5p' 6p (^P)"? 
+ 12%5s '5p ' 6p (¥ ) 'P 
325690.2 325728.0 -37.8 66% 5s '5p '6p ( T ) T 
339582.1 339984.0 -401.9 
+ 9% 5s' 5p' 6p ( 'D)'P 
79% 5s^ 5p' 6p ( ' D ) ' P 



























80% 5s' 5p' 6p ('S)'P 
4% 5s' 5p' 6p ( ^ P / D 
99% 5p^ 'P 
79%5s'5p'5f(^P)' 'D 
78% 5s' 5p' 5f ( 'D)'P 
5 i%5s ' 5p ' 7p (¥ ) ' 'D 
13%5s '5p '7p( 'P) 'S 
39% 5s' 5p' 7p ( ¥ ) ' S 
27% 5s' 5p' 7p (^P^P 
54% 5s' 5p' 7p (^P)''P 
13%5s '5p '7p (¥ ) 'S 
47% 5s' 5p' 7p (^P)'P 
19%5s '5p '7p (¥ ) 'S 
70% 5s' 5p' 7p ( 'D)'P 
6% 5s' 5p' 7p ( ¥ ) ' P 
87% 5s' 5p' 7p r 'S)'P 
+ 10%5s '5p '4 f ( 'DrP 
+ 10%5s'5p'4f(^pyD 
+ 15%5s'5p'6p( 'PVS 
+ 12%5s '5p '6p( 'P rP 
+ 34%5s '5p '6p( 'P) 'D 
+ 17%5s '5p '6p( 'P) 'S 
+ 6% 5s' 5p' 6p ( 'l))-P 
+ 14%5s '5p '6p( 'P) 'S 
+ 7%5s'5p'6p( 'P) ' ' [) 
+ l l % 5 s ' 5 p ' 6 p ( ' P y S 
+ 8%5s '5p ' 6p ( 'P rP 
+ 20%5s '5p '5f( 'D) 'P 
+ 21%5s '5p ' 5 f (¥ ) 'D 
+ 15%5s'5p'7p(^P)-P 
+ 12%5s'5p'7p( 'S)-P 
+ 34% 5s' 5p' 7p ( ' P / D 
27%5s '5p '7p (¥ ) -p 
+ 2 5 % 5 s ' 5 p ' 7 p ( ' D r P 
+ 5%5s'5p'7p(^P^''D 
+ 16%5s'5p '7p( 'P) 'S 
+ 4% 5s' 5p' 7p ( ¥) 'P 
+ 6% 5s '5p '7p ( ¥)*D 
+ 4% 5s' 5p' 7p ( 'P) 'P 





3.0 71%5s'5p^ ''S 
+ 9% 5s' 5p^ ' D 
-11.1 67%5s'5p^ ' D 
+ n%5s '5p^ 'P 
0.0 68% 5s' 5p^ 'P 
+ 7% 5s' 5p^ "S 
41%5s '5p '4f (^P/F 
+ 2 0 % 5 s ' 5 p ' 4 f ( ¥ ) ' D 
50%5s'5p'4f(^P)''D 
+ 20% 5s' 5p^ 'P 
+ 22% 5s' 5p' -"S 
24% 5s' 5p' 'D 
+ 39%5s'5p'4f( 'P)' 'D 
+ 18%5s'5p'4f(¥) ' 'F 
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298846.6 298640.0 206.6 
306506.2 306646.0 -139.8 
313082.2 313147.0 -64.8 
316871.6 316615.0 256.6 
320169.1 320213.0 -43.9 
334081.3 334046.0 35.3 
- 339714.0 
347161.5 347210.0 -48.5 

















+ 5%5s^5pMf(¥)' 'D 
48% 5s^ 5p^ 6p ('P)*D 
+ 13%5s^5p^6p(WD 
41%5s^5p^6p(¥)' 'D 
+ l l%5s^5p^6p(¥) ' 'P 
46% 5s^ 5p^ 6p ( ' P / S 
+ 15%5s^5p^6p('D)^D 
49% 5s^ 5p^ 6p ( ' P / P 
+ 15%5s^5p^6p('D)¥ 




99% 5p^ ¥ 
36% 5s^ 5p^ 6p ( ' D ) ¥ 
+ 16%5s^5p^6p('D)^D 
84% 5s^ 5p^ 6p ( ' S ) ¥ 
44%5s^5p^5f('P)''F 










+ 20% 5s^  5p^ 7p ('P)^D 
58% 5s^ 5p^ 7p ( ' P ) ' D 
+ 12%5s^5p^7p(WD 
53% 5s^ 5p^ 7p ( ¥)^D 
+ 13%5s^5p^7p(¥)''P 
39% 5s' 5p' 7p ( ^ / P 
+ 17%5s'5p'7p('P)' 'S 
4 1 % 5 s ' 5 p ' 7 p ( W P 
1^^^2r 16%5s^5p'7p('D)'P 
35% 5s' 5p' 7p ( ' D ) ' D 
14%5s'5p'7p('P)' 'P 
+ 10%5s'5p '4f( 'D) 'D 
+ 32%5s'5p'4f( 'P) ' 'F 
+ 9%5s'5p'4f(^P)^F 
+ 6%5s '5p '4f( 'P) 'D 
+ 2 1 % 5 s ' 5 p ' 6 p ( ¥ / P 
+ l l % 5 s ' 5 p ' 6 p ( ' S ) ' P 
+ 24% 5s' 5p' 6p ( ¥ ) ' D 
+ 8% 5s '5p '6p ( 'P)'P 
+ 27% 5s' 5p' 6p (^P)'D 
+ 4% 5s' 5p' 6p ( ¥ ) ' P 
+ 19%5s '5p '6p( 'p) 'D 
+ l l%5s'5p'6p(^P) ' 'S 
+ 27%5s '5p '6p( 'D) 'D 
+ 10%5s '5p '6p(¥) ' 'S 
+ 29% 5s' 5p' 6p ( ' D ) ' P 
+ 10%5s '5p '6p( 'P) 'S 
+ 3 1 % 5 s ' 5 p ' 6 p ( ¥ ) ' P 
+ 8% 5s '5p '6p ( ' P / S 
+ 4% 5s' 5p' 6p (^P/P 
+ 30%5s '5p '5f (¥) ' 'D 
+ 16%5s'5p '5f( 'P) 'D 
+ l l % 5 s ' 5 p ' 5 f ( ¥ ) ' F 
+ 32%5s'5p'5f(^P)' 'F 
+ 5% 5s' 5p' 5f ( ' D ) ' P 
+ 14%5s '5p '5f(¥) ' 'F 
+ 9%5s'5p'5f(^P) 'D 
+ l l % 5 s ' 5 p ' 5 f ( ¥ ) ' ' D 
+ 24% 5s' 5p' 7p (^P/P 
+ 12%5s '5p '7p( 'S) 'P 
+ 14%5s '5p ' 7p (¥ ) 'P 
+ l l%5s '5p '7p( 'P) ' 'S 
+ 3 1 % 5 s ' 5 p ' 7 p ( ' P / S 
+ 17%5s '5p '7p( 'D) 'D 
+ 16%5s '5p '7p( 'D) 'P 
+ 26% 5s' 5p' 7p ( ' D ) ' D 
+ 12%5s'5p'7p( 'P) ' 'S 
+ 27% 5s' 5p' 7p ('D)'P 
+ 9% 5s' 5p' 7p ( 'P)'P 






























































































39% 5s^ 5p^ 7p ( 'D)^P 
19%5s^5p^7p('D)^D 
87% 5s^ 5p^ 7p ('S)^P 
99% 5s^  5p^ ^D 
58%5s^5pMf(^P)*G 









28% 5s^ 5p^ 4f (^Pf¥ 
15%5s^5pMf('DfD 




75% 5s^  5p^ 6p ( ^P)''D 
8% 5s^ 5p^ 6p ('D)^D 
40% 5s^ 5p^ 6p (^P/P 
I4%5s^5p^6p('D)^D 
27% 5s^ 5p^ 6p ( 'D)^F 
26% 5s^ 5p^ 6p ('P)''P 
30% 5s^ 5p^ 6p ( 'D)^D 
25% 5s^ 5p^ 6p (^P)^D 
31%5s^5p^6p('D)^D 





46% 5s^ 5p^ 5f ( ¥ ) ' ' D 
16%5s^5p^5f(¥)''F 
42%5s^5p^5f(Y)'*F 
l l%5s^5p '5f (¥) ' 'D 
52%5s^5p^5f(WF 













+ 9%5s '5p^4f (¥)Y 
+ 40%5s-5p-4f( ' D ) F 
+ 4%5s-5p-4f( ' D r o 
+ 3i%5s-5p-4f( ' n r c 
+ 12%5s-5p-4f( 'D)-1) 
+ 15%5s-5p-4f( 'D)-F 
+ l l%5s'5p^4f( 'S)-F 
+ 19%5s^5p^4f(^P)'F 
+ 5%5s^5p^4f( 'p/D 
+ 12%5s'5p^4f(-'P)^F 
+ 14% 5s '5p'6p( '!)) ' !• 
+ 27%5s '5p '6p(^PrD 
+ ll%5s'5p'6p(^P)'*D 
+ 26% 5s' 5p' 6p (^P)'l) 
+ 17%5s '5p '6p( 'Dr i ) 
+ 27%5s '5p '6p( 'D^F 
+ 10%5s'5p'6p(-'P)^D 




+ 39%5s '5p '5f( 'P) 'D 
+ 21%5s '5p '5 f (V) 'D 
+ 13%5s'5p'5f( 'P) 'F 
+ 35%5s '5p '5 f ( 'DrF 
+ 7%5s '5p '5f( ' D ) D 
+ 23%5s '5p '5f( ' D ) ' D 
+ 4%5s'5p'5f(^P)' 'F 
+ 17%5s'5p'5f(-'P)'F 
+ 8%5s '5p '5f( 'P) 'D 
+ 13%5s'5p'5f(¥)- 'F 
+ 8%5s'5p'5f(^P)'D 
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423325.0 - 69% 5s^  5p'7p ( ' P / D + 21% 5s'5p^ 7p (^P/P 
+ 9% 5s' 5p' 7p ( ¥ ) ' D 
426887.0 - 23% 5s'5p'7p ( ¥ ) ' D + 22% 5s '5p '7p ( ¥ ) ' P 
+ 21%5s '5p '7p( 'D) 'F +18%5s '5p '7p( 'D) 'D 
431284.0 - 34% 5s'5p'7p ( ¥ ) ' D + 25% 5S '5p '7p ( ^ P / P 
+ 22% 5s' 5p' 7p ( ' D ) ' D + 18% 5s' 5p' 7p ( ' D ) ' F 
448445.0 - 31%5s '5p '7p( 'D) 'D +29% 5s '5p '7p ( ' D ) ' F 
+ 15% 5S' 5p' 7p ( ¥)"? + 14% 5s' 5p' 7p ( 'P) ' 'D 
449666.0 - 31% 5s' 5p' 7p ( ' D ) ' F + 29% 5s' 5p' 7p ( ' D ) ' D 
23% 5s' 5p' 7p ( ' P ) ' D + 17% 5s' 5p' 7p ( ¥)"'P + 
7/2 - 156951.0 - 33%5s'5p'4f( 'P)' 'G + 27% 5s '5p'4f ( ' P ) ' 'D 
+ 15% 5s' 5p' 4f (^PfF +11% 5s' 5p' 4f ( ¥ ) ' G 
- 165622.0 - 5 5 % 5 s ' 5 p ' 4 f ( ¥ / G + 23% 5s '5p '4f ( ^ D 
+ 12% 5s' 5p' 4f ( ' D ) ' G + 8% 5s' 5p' 4f ( ¥ ) ' G 
- 168329.0 - 3 9 % 5 s ' 5 p ' 4 f ( W G + 34% 5s '5p '4f ( ^ / D 
+ 25%5s '5p '4f( 'D) 'G 
- 175877.0 - 48%5s '5p '4f(¥) ' 'F +44% 5 s ' 5 p ' 4 f ( ' D ) ' F 
+ 5%5s'5p'4f(^P)'G 
- 182644.0 - 36%5s '5p '4 f (¥ ) 'F +33%5s '5p '4f ( ' D ) ' G 
+ 21% 5s' 5p' 4f ( ^P) 'G + 9% 5S ' 5p' 4f ( ' D ) ' F 
+ 30%5s '5p '4f( 'D) 'F 
+ l l%5s '5p '4 f ( 'D) 'G 
+ 17%5s'5p'4f( 'D) 'G 
+ 5%5s '5p '4f( 'D) 'F 
+ 9%5s '5p '4f ( 'D) 'F 
+ 32%5s '5p '6p( 'D) 'F 










































31%5s '5p '4f(¥) ' 'F 
1 3 % 5 s ' 5 p ' 4 f ( ¥ / D 
62%5s '5p '4 f (¥ ) 'F 
13%5s '5p '4f (¥) 'G 
81%5s'5p '4f( 'S) 'F 
5%5s'5p'4f(^P)''F 
68% 5s' 5p' 6p ( ¥ ) ' D 
67% 5s' 5p' 6p ( ' D ) ' F 




57% 5s' 5p' 5f ( ^P) 'G 
7%5s'5p '5f( 'D) 'G 
46% 5s' 5p' 5f ( ' P / F 
I9%5s '5p '5f( 'D) 'G 
47%5s '5p '5f( 'P) 'F 
21%5s '5p '5f( 'D) 'F 
38%5s '5p '5f( 'D) 'F 
13%5s'5p'5f( 'D) 'G 
3 7 % 5 s ' 5 p ' 5 f ( W F 
12%5s'5p'5f( 'D) 'F 
85%5s '5p '5f( 'S) 'F 
65% 5s' 5p' 7p ( ^P)''D 
+ 2 3 % 5 s ' 5 p ' 5 f ( W G 
+ 6%5s '5p '5f ( 'P) 'F 
+ 24% 5s' 5p' 5f ( ' D ) ' F 
+ 27%5s '5p '5f( 'D) 'G 
+ 27%5s'5p'5f(^P)'F 
+ 10%5s'5p'5f( 'P)' 'D 
+ 34%5s '5p '5f( 'D) 'G 
+ l l%5s ' 5p ' 5 f ( ' P ) 'G 
+ 5%5s'5p'5f('P)'*F 
+ 34% 5s' 5p' 7p ( ' D ) ' F 




































+ 29%5s^5p'4f( 'orH 
+ l!%5s^5p^4f(V)'F 





















+ 29%5s'5p'5f( 'P)*G 
Even Parity Configurations 
1/2 142852.4 143061.0 -208.6 
179077.8 179509.0 -431.2 
193883.4 193456.0 427.4 
200939.3 201061.0 -121.7 
218693.8 218940.0 -246.2 
229292.1 229264.0 28.1 
234314.0 234104.0 210.0 
247725.9 248052.0 -326.1 
251008.0 251317.0 -309.0 
81%5s5p'' (^P/P 
7% 5s^ 5p^ 5d (^P)"? 
32% 5s 5p* ('S)^S 
7% 5s^ 5p^ 5d ( 'D)^S 
66% 5s^ 5p^ 5d ( ^ ^ D 
7% 5s^ 5p^ 5d ( ¥)^P 
25% 5s^ 5p^ 5d ( ^ P / D 
23% 5s 5p'' (^P)^P 
65% 5s^ 5p^ 5d ( ^ / P 
10%5s^5p^5d('D)^S 
41%5s^5p^5d(WP 
8% 5s^ 5p^ 5d ( 'D)^S 
77% 5s^ 5p^ 5d ( ' D ) ¥ 
5% 5s^ 5p^ 5d ( 'D)^S 
70% 5s^  5p^ 6s ( ^ / P 
12%5s^5p^6s('S)^S 
61%5s^5p^5d('D)^S 
8% 5s^ 5p^ 5d (^P/P 
+ 10%5s5p'' ('S)lS 
+ 19%5s^5p^5d(^P)-p 
+ 4% 5s Sp"* (•'P)''P 
+ 17%5s5p^ ('S)'S 
+ 24%5s5p'' ('S)'S 
+ 19%5s^5p^5d(^P)-p 
+ 15%5s^5p^5d('D) P 
+ 6%5s5p-* (^P)''P 
+ 36% 5s 5p* (^P)^P 
+ 6% 5s^ 5p^ 5d (^P)''P 
+ 8% 5s^ 5p^ 5d ('P)'P 
+ 4% 5s^ 5p- 5d ( ¥ ) ¥ 
+ 14% 5s^ 5p^ 6s (^P)^P 
+ 15%5s5p'' ( 'S^S 
+ 6% 5s^ 5p^ 5d (^P)^P 
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- 264617.0 
265653.0 265526.0 127.0 






379065.5 378902.0 163.5 
385831.2 385590.0 241.2 
- 386552.0 
388066.7 387911.0 155.7 
400942.7 401052.0 -109.3 
406392.9 406249.0 143.9 
409690.8 409582.0 108.8 
- 425370.0 
446306.5 446294.0 12.5 
- 446476.0 
451716.6 451589.0 127.6 





466512.1 466430.0 82.1 
- 471993.0 
- 474240.0 
95% 5s 5p^ 4f ( ¥ , " S / F 
78% 5s' 5p' 6s ('PyP 
85% 5s^  5p^ 6s ('S)^S 
+ 5% 5s^ 5p^ 6s ( ¥ ) ¥ 
36% 5s 5p^ 4f (¥ , ^ D / D 
+ 20% 5s 5p^ 4f CF, ^ P / D 
60% 5s 5p' 4f ( 'F , ^ D / D 
77% 5s 5p^ 4f (¥ , ^ D / P 
65% 5s 5p^ 4f (^F, ^ / D 
+ 6% 5s 5p^ 4f (^F, ^ D / P 
92% 5s 5p^ 4f ( 'F , ^DfP 
72% 5s^ 5p^ 6d ( ¥ / D 
+ 7% 5s^ 5p^ 6d ( ' P / P 
43% 5s^ 5p^ 7s ( ' P / P 
+ 17%5s^5p^7s(^P)^P 
43% 5s' 5p' 6d ( T ) T 
+ ll%5s^5p^6d('D)^P 
57% 5s' 5p' 6d ('PyP 
+ 12%5s^5p^6d(¥)''D 
70% 5s^ 5p^ 7s (^PfP 
68% 5s' 5p' 6d ( 'D)'P 
+ 10% 5s' 5p^ 6d ( ^ / D 
70% 5s' 5p' 6d ('D)'S 
+ 8% 5s' 5p' 6d ( ¥ ) ' P 
89% 5s 5p^ 6p ((•'S)'S)'P 
65% 5s' 5p' 7s ('S)'S 
+ 6% 5s' 5p' 7s ( ' P / P 
43% 5s 5p^ 6p (( ' D / D / D 
+ 12%5s5p'6p ( ( ' D / D ) ' P 
60% 5s' 5p' 8s ( ' P / P 
+ l l%5s ' 5p ' 8 s ( 'S ) 'S 
70% 5s' 5p' 7d ( ^ / D 
+ 7% 5s' 5p' 7d (^P)V 
64% 5s 5p^ 6p ((^DfDfP 
+ 5%5s5p^6p (( 'pyP)'S 
49% 5s 5p' 6p ((^DfDfP 
+ 14%5s '5p '7d( 'D) 'S 
31%5s'5p'7d(^P)V 
+ 12%5s5p^6p ( ( ' D / D ) ' * ? 
38% 5s' 5p' 7d ('P)'P 
+ 14%5s '5p '7d( 'D) 'S 
66% 5s' 5p' 8s (^P)'P 
46% 5s 5p^ 6p (('P)^P)*D 
+ 6%5s5p'6p ( ( ' D ) ' D / D 
72% 5s 5p' 6p ((^PfpfP 
+ 5% 5s 5p' 4f CF, 'P)'D 
+ 19%5s'5p'6s(^P)''P 
+ 8% 5s' 5p' 6s ( ¥ ) ' P 
+ 29% 5s 5p' 4f ( 'F , ' D ) ' P 
+ 10%5s5pMf ( ^ F . ' D / P 
+ 30% 5s 5p' 4f (^F, ' D ) ' P 
+ 19% 5s 5pMf ( ¥ , ' D ) ' P 
+ 20% 5s 5p' 4f ( 'F , ' D ) ' P 
+ 6% 5s 5p^ 4f (¥ , ' P / D 
+ 19%5s'5p'6d(^P)'P 
+ 19% 5s '5p '6d (¥ ) ' ' ? 
+ 9% 5s' 5p' 7s ( 'S)'S 
+ 18%5s '5p '7s(¥) ' 'P 
+ n % 5 s ' 5 p ' 6 d ( ' D ) ' S 
+ 17%5s '5p '6d( 'D) 'P 
+ l l % 5 s ' 5 p ' 6 d ( ' D ) ' S 
+ 29% 5s' 5p' 7s (^P/P 
+ 13%5s '5p '6d( 'P) 'P 
+ 8% 5s' 5p' 6d ( ¥ ) ' P 
+ 20% 5s' 5p' 6d ( ' P / P 
+ 14% 5s 5p' 6p (( ' D ) ' D ) ' ' D 
+ 5% 5s 5p^ 6p (( ' D ^ D ) ' ? 
+ 22% 5s' 5p' 7s ( 'S)'S 
+ 8% 5s 5p^ 6p (( ' P ^ P / D 
+ 27% 5s' 5p' 8s ( ' P ) ' P 
+ 17%5s'5p'7d(^P)'P 
+ 5% 5s 5p' 6p (( 'P)^P)' 'D 
+ 16%5s5p'6p ( ( ' D ) ^ D ) ' D 
+ 5% 5s 5p' 6p (( ' P ) 'P ) ' 'D 
+ 22% 5S' 5p' 7d (^P)'P 
+ 5% 5s '5p'7d ( ¥ ) ' P 
+ 25%5s '5p '7d( 'D) 'P 
+ l l % 5 s ' 5 p ' 7 d ( ' P ) ' P 
+ 23% 5s 5p^ 6p ( ( ' O y o / P 
+ 7% 5s' 5p' 7d ( ' D ) ' P 
+ 31%5s '5p '8s( 'P) 'P 
+ 34% 5s 5p' 6p (( 'pyP)'P 
+ 4% 5s' 5p' 7d ( ¥ ) ' ' D 
+ 8% 5s 5p' 6p (('P)¥)' 'D 




























+ 5%5s5p^6p (("Sl'S)''? 
+ 16%5s^5p'7d( 'D)-P 
+ 14%5s5p'6p (( 'Dy'D/D 
+ 16%5s-5p^7d(¥rP 
+ 8%5s5p^6p ((-P)'P)-P 
+ 24%5s^5p'7d('P)-'P 
+ 6%5s5p'6p ( ( ^ D ) W P 
39% 5s 5p^ 6p ((^P)^P)'P 
+ 16%5s5p^6p (CpfPfD 
46%5s^5p^7d('D)^P 
+ 9% 5s^  5p^ 7d (^P/D 
59% 5s^ 5p^ 7d ( 'D)^S 
+ 6% 5s^ 5p^ 7d (^PfP 
58% 5s 5p' 6p ((^PfPfS 
+ 6% 5s 5p' 6p ((^D)^D)^P 
60% 5s^ 5p^ 9s ( ' P / P 
+ 12% 5s^ 5p^ 9s ( 'S)^S 
35% 5s 5p^ 6p (("sys)"? 
+ 13%5s5p'6p (("8)^8)^ + 5%5s5p'6p (('Dl'Dj'P 
+ l l%5s5p^6p ({^D)'D)-P 
+ 4%5s5p^6p (( 'PrP) 'P 
+ 28% 5s^ 5p' 9s ( P) P 
+ 20%5s5p'6p ( (T) 'PrP 
56% Sp' 5d ( T ) ' ' D 
(¥)¥ + 13%5p'*5d 
26% 5s 5p^ 6p ((*SfSfP 
+ 10%5s^5p^8d(¥)¥ 
69% 5s^ 5p^ 8d ('P)*D 
+ 10%5s^5p^8d('P)''P 
66% 5s^ 5p^ 9s ( ¥)^P 
30%5s^5p^8d('DyP 
+ 15%5s^5p^8d(¥)''D 
43% 5s^ 5p^ 8d ( ¥)"? 
+ ll%5s^5p^8d(¥)¥ 
60% Sp" 5d (^PfP 
+ 9%5p''5d ( ' D / S 
32% 5p'' 5d ( ^P) 'D 
+ 18%5p''5d (^P)^P 
79% 5s^ 5p^ 8s ('S)^S 
41%5s5p^6p ((^D)'D)^P 
+ 9% 5s 5p^ 6p ((^P)'P)^S 
29% 5s 5p^ 6p (( ¥)'P)^S 
+ 13%5s5p^6p ( ( ' s y s / P 
23% 5s^ 5p^ 8d ( ' D ) ¥ 
+ 15%5s^5p^8d(^P)^P 
27% 5s^ 5p^ 8d ( 'D)^P 
+ 24% 5s^ 5p^ 8d ( ' P / P 
21%5s5p^6p ((¥)'P)^P 
+ 16% 5s 5p^ 6p (( ¥)'P)^8 
84% 5p'' 5d ( 'D)^S 
88% 5s^ 5p^ 9s ( 'S)'S 
+ 4% 5s^  5p^ 9s (^P)^P 
49% 5p* 5d (^P)^P 
76% 5p'* 6s (^P/P 
84% Sp" 6s (^PfP 
+ 4%5p''6s ('S)^S 
+ 15%5p''5d ( i ) ) -P 
+ 7%5p''5d (¥)V 
+ 19% 5s 5p' 6p (( 'S)'S)'P 




+ 10%5s5p^6p (CD)'DfP 
+ 28%5s^5p^8d('D)'S 
+ 5% 5s 5p' 6p ((*S)'S)*P 
+ 13%5p''5d ( W P 
+ 7% 5p' 5d ( ' D ) ' P 
+ 21%5p-'5d {'DrP 
+ 10%5p^5d (¥)*P 
+ 7% 5s^ 5p^ 8s ( ^ / P 
+ 15%5s5p^6p ((^)-'S)-P 
+ 27%5s5p'6p ((^P)'F')-P 
+ 7% 5s^ 5p^ 8d ( 'D)-P 
+ 22%5s^5p'8d( 'DyS 
+ n%5s5p^6p (Csys^p 
+ 27%5s^5p^8d('Dl^S 
+ 7%5s5p'6p ((^P)'P)-P 
+ 20%5s5p'6p (("Sl'Sl-P 
+ 13%5s'5p'8d( 'D)-S 
+ 9% 5p* 5d ( 'Py? 
+ 8% 5s'5p^ 9s ( 'Pyp 
+ 47%5p''5d ( 'DrP 
+ 18%5p''6s ('S)-S 
8% 5p' 6s ( ' P / P 
134 Table 6.2 Continued 
638624.0 73% Sp" 6s ('S)'S 
+ 10%5p^6s (^P)^P 
+ 14%5p''6s CP^P 







































































82% 5s 5p'' ( ¥ / P 
5% 5s 5p'' ( ' D ^ D 
62% 5s 5p'' ( 'D)^D 
8% 5s 5p* (^P)'P 
28% 5s^ 5p^ 5d ( ¥ / F 
13%5s5p* Cpfp 
48% 5s^ 5p^ 5d (^Pf¥ 
16%5s^5p^5d(¥)¥ 
73% 5s^ 5p^ 5d ( ^ P / D 
7% 5s 5p'' ( ¥ ) ¥ 
34% 5s 5p'' (^P)^P 
8% 5s^ 5p^ 5d ( ¥)^D 
60% 5s^ 5p^ 5d ( ' P / P 
6% 5s 5p' ( ¥)*P 
44% 5s^ 5p^ 5d (^P)^D 
10%5s^5p^5d('D)^D 
60% 5s^ 5p^ 5d ( 'D)^D 
10%5s5p'' ( ' D ) ^ D 
45% 5s^ 5p^ 5d ( ' D ) ¥ 
12%5s^5p^5d('SfD 
48% 5s^ 5p^ 5d ('S)^D 
92% 5s^  5p^ 6s ('P)*P 
94% 5s 5p^ 4f CF, ''S)*F 
52% 5s^ 5p^ 6s (^P)^P 
90% 5s 5p' 4f (^F, ''S)''F 
53% 5s^  5p^ 6s ('D)^D 
5% 5s^ 5p^ 6s (¥) ' 'P 
43% 5s 5p^ 4f ( 'F , ^D) 'F 
12%5s5p'4f (^F, ^ P / D 
35% 5s 5p' 4f (^F, ^D^F 
14% 5s 5p^ 4f (^F, ^ D)'*P 
46% 5s 5p^ 4f (¥ , ^D)''D 
6% 5s 5p' 4f CF, ^ D / F 
61%5s5p^4f ( 'F , ^D)^ 
5% 5s 5p^ 4f ( 'F , 'D) ' 'D 
76% 5s 5p^ 4f ( 'F , ^D)^D 
6% 5s 5p^ 4f CF, ^D)''F 
69% 5s 5p^ 4f ('F, ^P)''F 
7% 5s 5p' 4f ( 'F , V F 
54% 5s 5p' 4f ( 'F , ^ P / D 
6% 5s 5p' 4f ('F, ^D)''D 
54% 5s 5p^ 4f (¥ , ^PfD 
+ 7% 5s^ 5p^ 5d ('P)''P 
+ l l % 5 s ' 5 p ' 5 d ( ' D ) ' D 
(^P)^P + 7%5s5p'' 
+ 22% 5s^ 5p^ 5d (^PfP 
+ l l%5s^5p^5d(¥) ' 'D 
+ 26% 5s 5p'' (^P^P 
+ 12%5s'5p^5d('P)' 'F 
+ 30% 5s^ 5p^ 5d (^P)^P 
+ 7% 5s^ 5p^ 5d ( ' P / D 
+ 24% 5s^ 5p^ 5d ( 'D)^P 
+ 19%5s^5p^5d('S)^D 
+ 9%5s^5p^5d('D)^P 
+ ll%5s^5p^5d('P)' 'P 
+ 9% 5s^ 5p^ 5d ( ' D ) ' P 
+ 23% 5s^ 5p^ 5d (^P/P 
+ 5% 5s^ 5p^ 5d ( ^ / P 
+ 42% 5s^ 5p^ 5d (^P)^D 
+ 5% 5s^ 5p'6s (^P)^P 
+ 4% 5s 5p^ 4f (^F, ^ P / D 
+ 44% 5s^ 5p^ 6s ( 'D)^D 
+ 40% 5s^ 5p^ 6s {^P)^ P 
+ 19%5s5pMf (T, ^ D / D 
+ 6% 5s 5p' 4f (¥ , ^D)^ D 
+ 20% 5s 5p' 4f (¥ , ^D)^ P 
+ 13%5s5pMf (^F,^D)'D 
+ 38% 5s 5p' 4f (¥ , ^DfP 
+ 21%5s5pMf (^F/DfP 
+ 8% 5s 5p^ 4f ('F, ^ D / D 
+ 7% 5s 5p^ 4f f F, ^P)''D 
+ 5% 5s 5p' 4f ('F, ^D)¥ 
+ 14%5s5p'4f (^F,^D)''P 
+ 5% 5s 5p^ 4f (^F, ^P)^ D 
+ 10%5s5pMf ( 'F ,^D)^D 

































































9% 5s 5p^ 4f ('F, ^D)^ P 
38% 5s 5p^ 4f ( 'F , %*¥ 
24% 5s 5p^ 4f ( 'F , ¥ f D 
38% 5s 5p^ 4f ( 'F , ^DfD 
11% 5s 5p^ 4f ( 'F , ^DfP 
70% 5s 5p' 4f ( 'F , ^DfP 
45% 5s^ 5p^ 6d ( ¥ ) ' F 
13%5s^5p^6d(WP 
39% 5s^  5p^ 6d (^PfP 
10%5s^5p^6d(^P)''D 
63% 5s 5p^ 4f ( 'F , ^F)^D 
9% 5s 5p^ 4f ( 'F , " S / F 
36% 5s^ 5p^ 6d ( ^ P / D 
19% 5s^  5p^ 6d (^PfP 
38% 5s^ 5p^ 6d ( ^ / P 
19%5s^5p^6d('DfD 
53% 5s^ 5p^ 6d (^PfD 
15%5s^5p^6d('DfP 
87% 5s^ 5p^ 7s (^P/P 
47% 5s^ 5p^ 6d ( 'D)^D 
10%5s^5p^6d(^P/P 
51%5s^5p^7s(WP 
6% 5s^ 5p^ 7s ( ¥)"? 
55% 5s^  5p^ 6d ( 'D)^P 
12%5s^5p^6d(WD 
88% 5s 5p^ 6p (('*Sf S)6P 
79% 5s 5p^ 6p (('*S)'S)''P 
5% 5s 5p^ 6p ((*S)^S)6P 
79% 5s^ 5p^ 6d ('S)^D 
4% 5s^ 5p^ 6d ('P)*F 
58% 5s^ 5p^ 7s ( 'D)^D 
6% 5s^ 5p^ 7s ( ¥ ) ' ? 
40% 5s^ 5p^ 7d (¥) ' 'F 
12% 5s^  5p^ 7d ( ^ / D 
42% 5s 5p' 6p (( W D / D 
9% 5s 5p^ 6p ((^D)^D)'*F 
37% 5s 5p^ 6p (( ^D)^D)''F 
8% 5s 5p^ 6p ((^DfDfD 
24% 5s^ 5p^ 7d (^P)^P 
19%5s^5p^7d('P)'*F 
20% 5s^ 5p' 7d ( ^ / F 
12%5s5p^6p ( ( W D ) ' P 
29% 5s^  5p^ 7d ( ^ P / D 
18%5s^5p^7d(^P)^D 
39% 5s 5p' 6p (( ^D) 'D) ' 'P 
8%5s5p^6p ((^P)^P)'*S 
+ 8% 5s 5p' 4f CF. -D)-D 
+ 25%5s5pMf ('F -D)-D 
+ 9%5s5p^4f (^ F, ^PI 'F 
+ 36%5s5pMf ( 'F "Sj'F 
+ 6%5s5p'4f f F , ' P ) ' D 
+ 15%5s5p^4f ( ' F . - P r o 
+ 13%5s-5p '6d( 'S) i ) 
+ 13%5s-5p^6d(^I'r[) 
+ 39%5s '5p '6d( 'F) ' ! 
+ 8%5s-5p^6d('P)'*P 
+ 17%5s5p^4f ('F,-D)-D 
+ 25% 5s^  5p^ 6d ( ¥ ) 'P 
+ 10%5s^5p^6d('P)^D 






+ 40% 5s^ 5p^ 7s ( 'D)^D 
+ 13%5s^5p^6d(^P)-P 
+ 4% 5s^ 5p^ 6d ( 'D) -D 
+ 5%5s5p-"'6p ((''S)'S)'P 
+ 6%5s5p^6p (('P)'P)-P 
+ 7% 5s' 5p^ 6d ('P)-D 
+ 34% 5s- 5p^ 7s (^P)-P 
+ 1 2 % 5 s ' 5 p - 7 d ( ¥ ) P 
+ l l % 5 s ' 5 p ' 7 d ( ' S ) D 
+ I7%5s5p'6p ( ( ' D I ' D ) - P 
+ 6%5s5p'6p ( ( W P V ' D 
+ 16%5s5p'6p ((^Di'DrP 
+ 8%5s5p^6p (( -pyprp 
+ 20%5s5p^6p ( ( ' D ) ' D ) ^ D 
+ 7%5s5p'6p ( ( - D ) ' D ) ' F 
+ 14%5s5p^6p ( ( - D ) ' D ) ^ F 
+ 10%5s'5p '7d( 'P) 'D 
+ 2 1 % 5 s ' 5 p ' 7 d ( ' P ) ¥ 
+ 16%5s'5p^7d('P)' 'P 
+ 9%5s5p'6p (( W D ) " P 
+ 7% 5s'5p-7d (^P)''P 
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+ 14% 5s' 5p' 7d ( ' P / D 
40%5s '5p '7d( 'P) 'D 
+ 16%5s^5p'7d( 'DfD 
+ 12%5s '5p '7d( 'D) 'P 
+ 19%5s '5p '7d( 'DfP 
17% 5s' 5p' 7d ('D)'D + 9% 5s' 5p' 7d ( ¥ ) P 
38% 5s 5p' 6p (( 'D/D) 'D + 19% 5s 5p^ 6p (('DyD)'P 
+ 15%5s'5p'8s('P)*P + 5% 5s 5p' 6p ( ( ' p y p y o 





















+ l l % 5 s ' 5 p ' 8 s ( ' P y P 
53% 5s' 5p' 8s (^P)'P 
+ 8% 5s' 5p' 8s ( ¥ / P 
58% 5s 5p' 6p ( ( 'Pyp /D 
+ 5% 5s 5p^ 6p (( 'D)^D) ' 'D 
30% 5s 5p^ 6p (('PfPfS 
+ 9% 5s 5p^ 6p ((^DfDf? 
27% 5s 5p^ 6p ( ( 'Pyp /S 
+ 17%5s5p'6p ( ( ' P ) ' P ) ' D 
43% 5s' 5p' 7d ( ' D ) ' D 
+ l l%5s '5p '7d( 'P) ' 'P 
22% 5s 5p' 6p (( 'P/P) 'D 
10%5s'5p '7d( 'D) 'P 
'D)'l 
l l % 5 s ' 5 p ' 7 d ( ' P / P 
35% 5s' 5p' 7d ( ' ) ' P 
38%5s5p'6p ( ( ' P ) ' P ) ' P 
+ 9%5s5p'6p (('D)'D)'D 
4 1 % 5 s ' 5 p ' 8 d ( ' P / F 
+ 14%5s '5p '8d ( 'P /D 
60% 5s' 5p' 8s ('D)'D 
+ 6% 5s '5p'8s ( ' P / P 
34%5s5p^6p ( (^Sfs /P 
+ l l%5s5p '6p (('P)'P)'D 
67%5p'5d ( ' P / D 
+ 7%5p'5d ('D)'D 
63%5s '5p '7d( 'S) 'D 
37%5s '5p '8d( 'P) 'P 
+ l l%5s ' 5p ' 7d ( 'S ) 'D 
2 7 % 5 s ' 5 p ' 8 d ( ' P / P 
+ 17%5s5p^6p (('D)'D)'P 
24%5s5p'6p (('D)'D)'P 
+ 17%5s '5p '8d ( 'P /D 
29%5s '5p '8d( 'P) 'D 
+ 38%5s '5p '8s( 'D) 'D 
+ l l%5s5p^6p (('DyD)^F 
+ 4% 5s 5p' 6p (('DyD)'P 
+ 29% 5s 5p^ 6p (('P)'P)''P 
+ 7% 5s 5p' 6p (('P)'P)'D 
+ 26% 5s 5p' 6p (( 'P) 'P/P 
+ 9% 5s 5p' 6p (('P)^P)'P 
+ 14%5s'5p'7d('P)*D 
+ 10%5s '5p '7d( 'D) 'P 
+ 15%5s5p'6p (('P)^P)'P 
+ 8% 5s 5p' 6p (( ' D ^ D / D 
+ 17%5s5p'6p (('pyP)'D 
+ 10%5s '5p '7d( 'P) 'D 
+ 18%5s5p'6p ( ( ' D ) ' D ) ' D 
+ 8% 5s 5p^ 6p (( ' D ) ' D ) ' P 
+ 15%5s '5p '8d (¥ ) 'P 
+ 12%5s '5p '8d( 'P) 'D 
+ 30% 5s' 5p' 8s ( V)'P 
+ 12%5s5p^6p iCsfsY? 
+ 8% 5s 5p' 6p (('P)'P)'P 
+ 8%5p'5d ('P)'P 
+ 4%5s5p^6p (('S)^S/P 
+ 2 6 % 5 s ' 5 p ' 8 d ( ' P / F 
+ 6%5s5p'6p {CsfsfP 
+ 22%5s '5p '8d( 'P) 'D 
+ 10%5s '5p '8d ( 'P /F 
+ 22%5s5p^6p (('D)'D)'D 
+ 6% 5s' 5p' 7d ('S)'D 
+ 14%5s5p'6p ( ( V s r P 
+ 9%5s5p^6p ( ( V S / P 
+ 1 5 % 5 s ' 5 p ' 9 s ( W P 
+ 22% 5s' 5p' 8d ('D)'D 
+ 9%5s '5p '8d( 'D) 'P 
31% 5s 5p^ 6p (('D)'D)'D + 22% 5s 5p^ 6p (( ' D ) ' D ) ' P 
l l%5s5p '6p ( ( ' D ) W D 
84%5s '5p '9 s ( 'P /P 
26%5s '5p '8d( 'P) 'P 
22%5s '5p '8d( 'P) 'D 



















+ 14% 5s 5p^ 6p (('^Sfsf? 
20% 5s^ 5p^ 8d ('D)^P 
+ 17%5s^5p^8d(^P)^P 
32% 5p'' 5d ( ' ? ) ' ? 
+ 15%5p^5d (¥)^D 
52% 5s^  5p^ 9s (^P)^P 
+ 9% 5s^ 5p^ 9s (^P/P 
68% Sp" 5d (^P)*F 
27% Sp"* 5d ( 'D)^D 
+ 15%5p^5d ( ^ P 
43% 5s 5p^ 6p ((^?y?fD 
+ 7% 5s^ 5p^ 8d ('D)^D 
20% 5p^ 5d (^P/P 
+ 17%5s5p^6p iCpypfP 
25% 5s^ 5p^ 8d ( 'D)^P 
+ 7% 5p^ 5d ( ' D / P 
5r/o5s^5p^8d('D)^D 
+ 7% 5s^  5p^ 8d ( ¥)^P 
32% 5s^ 5p^ 8d ( ' D ) ¥ 
+ 8% 5s^ 5p^ 8d ( ^ / P 
lr\\2r 61%5s '5p '9s ( 'DyD 
+ 6% 5s^ 5p^ 9s ( ^ / P 
lc\2r 87% 5s' 5p' 8d ( 'SyD 
47% 5p* 5d ( 'SrD 
+ 12% 5?" 5d ( 'D)^P 
41%5p''5d CPf? 
+ 15%5p*5d ( ' D ^ D 
54% 5p'' 6s (^P)^P 
+ 17%5p''6s ( ' D ) ^ D 
46% 5p'' 5d (^P)^D 
+ 10%5p''5d (^P)^P 
70% 5p'' 6s ( ^ / P 
78% 5p'' 6s ('D)^D 
+ 7% 5s 5p^ 6p (( ^P)'P)-D 
+ 19%5s^5p-8d(¥)-D 
+ l l%5s^5p-8d( 'P)'P 
+ 16%5p''5d ( S) D 
+ 13%5p''5d ( ' D ) ' D 
+ 37%5s-5p '9s ( 'DrD 
+ 22%5p''5d (•'P)-'P 
+ 23% 5p' 5d ('P)'D 
+ 13%5p''5d ( ' D r P 
+ 16%5s5p^6p (('S)'S)'P 
+ 7%5s5p'6p (('P)'P)-P 
+ 17%5p'5d ( 'DrP 
+ 16%5p'5d ( 'Pyp 
+ 18%5s5p^6p (('Pi'P)-P 
+ 6%5s5p'6p (( 'S)S)'P 
+ 12%5s^5p^8d( Py'D 
+ 7% 5s^ 5p^ 8d ( > ) ' D 
+ 24%5s5p'6p ((-P)'P)-P 
+ 6%5s5p^6p (CS) S)'P 
+ 31%5s^5p^9s(Vyp 
+ 5%5s-5p-8d(^F)''r 
+ 23% 5p'' 5d ( 'DfD 
+ 8%5p'*5d (^P)'F 
+ 29% 5p' 5d ( ' D ) ' P 
+ 12%5p''5d (^Pi^D 
+ 26% 5p'' 6s ( ¥ ) V 
+ 28%5p''5d ( ' S ) ' L ) 
+ 7% Sp' 5d ( ' D ) ' D 
+ 24%5p''6s (^P)'P 
+ 18%5p''6s (^P)P 
5/2 128436.2 128374.0 62.2 85% 5s 5p'' (^P/P 
+ 6% 5s^ 5p^ 5d ( ^ / P 
163566.3 163090.0 476.3 75% 5s 5p'' ( ' D ) ^ D 
+ 7% 5s 5?" (^P)''P 
61%5s^5p^5d('P)*F 
+ 6% 5s^ 5p^ 5d ( 'S)2D 
37% 5s^ 5p^ 5d ( ' D ) ' F 
+ 21%5s2 5p^5d(^P)'*F 
48% 5s^  5p^ 5d ( 'P) ' 'D 
+ 13%5s^5p^5d('D)¥ 
66% 5s^ 5p' 5d ( ¥)*P 
+ 9% 5s^ 5p^ 5d ('D)^D 
183552.3 183488.0 64.3 
191382.2 191482.0 -99.8 
201856.5 202119.0 -262.5 
214871.1 214877.0 
-5.9 
7% 5s Sp" ( 'D)'D 
13%5s^5p^5d('D)'[) 
+ 23%5s-5p^5d('Pi 'D 
+ 28% 5s^  5p^ 5d (^P)^F 
+ 10%5s^5p^5d(¥)'D 
+ 15%5s^5p^5d(^P)-F 
+ 12%5s'5p-5d( 'P) 'F 
+ n%5s^5p^5d(^P)*D 
+ 4% 5s 5p'' ( ¥)"? 











































































50% 5s^ 5p^ 5d (^P)^D 
+ 16%5s^5p^5d('D)^D 
27% 5s^  5p^ 5d ( ' D / D 
+ 16%5s^5p^5d(^P)¥ 
45% 5s^ 5p^ 5d ('S)^D 
+ 18%5s^5p^5d(^P)^D 
30% 5s^  5p' 5d ( 'S)^D 
+ 18%5s^5p^5d(^P)^F 
94% 5s 5p^ 4f (¥ , •*S/F 
67% 5s^ 5p^ 6s ('P)"? 
81%5s5pMf ( ¥ / s y F 
67% 5s^ 5p^ 6s ( 'D)^D 
64% 5s 5p^ 4f (¥ , ^ D / G 
+ 5% 5s 5p^ 4f (^F, " S / F 
36% 5s 5p^ 4f (^F, ^ D / D 
+ 15%5s5p'4f (^F, W F 
36% 5s 5p^ 4f (^F, ^ D / F 
+ 12% 5s 5p^ 4f (^F, ^D)^D 
39% 5s 5p^ 4f CF, ^ D / F 
+ 10%5s5pMf (^F,^P)^D 
62% 5s 5p^ 4f (^F, ^D^P 
+ 5% 5s 5p^ 4f (^F, ^ P / D 
63% 5s 5p^ 4f ( 'F , ^DfF 
+ 8% 5s 5p^ 4f (^F, ^P)^ F 
57% 5s 5p^ 4f (^F, ^P^F 
+ 10%5s5p^4f (^F,^P)' 'G 
40% 5s 5p^ 4f (¥ , ^ P)^ F 
+ 7% 5s 5p^ 4f (¥ , ^ D / G 
46% 5s 5p^ 4f CF, 2p)''D 
+ 10%5s5p^4f ( ¥ , W P 
27% 5s 5p^ 4f CF, ^P)''G 
+ 21%5s5p^4f ( ' F . ^ D / G 
31%5s5p^4f ( 'F ,^P)^D 
+ 14%5s5pMf ('F/Sj^F 
36% 5s 5pMf ( 'F , V F 
+ 14%5s5pMf ( 'F , W F 
27% 5s 5p^ 4f (¥ , ' 'S) 'F 
+ 17%5s5p'4f ( ' F , W D 
28% 5s 5p' 4f ('F, W D 
+ 22% 5s 5p' 4f ( 'F , ^D) 'F 
36% 5s 5p^ 4f ('F, ^ DfF 
+ 13%5s5p^4f ( ' F , W D 
23% 5s^ 5p^ 6d ( ¥)*F 
+ 16%5s^5p^5d(^P)^F 
+ ll%5s^5p^5d('D)^F 
+ 23% 5s^  5p^ 5d ( ' D ) ¥ 
+ 10%5s^5p^5d(^P)''P 
+ 27% 5s^ 5p^ 5d ( 'D)^D 
+ 5% 5s^ 5p^ 5d ( ^ P / D 
+ 28% 5s^ 5p^ 5d ( ¥ ) ' D 
+ l l%5s^5p '5d( 'D) 'F 
+ 31%5s^5p^6s('D)'D 
+ 5% 5s 5p^ 4f CF, ^ D / F 
+ 32% 5s^ 5p^ 6s (^P/P 
+ 24% 5s 5p^ 4f (^F, ^P) 'G 
+ 20% 5s 5p^ 4f (^F, ^ P / D 
+ 13%5s5p^4f (^F, ^ D 
+ 23% 5s 5p^ 4f (¥ , ^ D / D 
+ 9% 5s 5p^  4f CF, ^DY? 
+ 34% 5s 5p^ 4f (^F, ^D)^ D 
+ 7% 5s 5p^ 4f (^F, ''S)''F 
+ 17%5s5pMf ( ^ F , W D 
+ 10%5s5p^4f (^F,^P)' 'F 
+ 5% 5s 5p^ 4f CF, ^DfD 
+ l l%5s5p^4f (^F, W F 
+ 9% 5s 5p' 4f (^F, ^P) 'D 
+ 27% 5s 5p^ 4f (^F, ^P)'G 
+ 6% 5s 5p^ 4f CF, ^ DfF 
+ 16%5s5pMf ( ¥ , ^ D / D 
+ 8% 5s 5p^ 4f ( 'F , ^D)^D 
+ 24% 5s 5p^ 4f CF, ^PfF 
+ l l%5s5pMf ( ' F , ^ D / F 
+ 15%5s5pMf (¥ , ^ D / D 
+ 13%5s5p^4f ('F,^DfD 
+ 23% 5s 5p^ 4f ('F, ^PfF 
+ 8% 5s 5p^ 4f ( 'F , 'sfF 
+ 20% 5s 5p^ 4f (^F, ^ PfD 
+ 14%5s5p^4f ( 'F , ^PfD 
+ 28%5s5p^4f ('F,' 'S)' 'F 
+ 7% 5s 5p' 4f CF, ^P)''D 
+ 16%5s5p^4f ( ¥ / s f F 
+ 8% 5s 5p' 4f CF, ^PfD 
+ 22% 5s^ 5p^ 6d ( 'P) ' 'D 
+ 17% 5s' 5p' 6d ( ¥ ) ' P + 1 1 % 5s^ 5p' 6d ( ' S ) ' D 
50% 5s 5p' 4f ( 'F , ^PfF + 15%5s5p^4f ( 'F , ^ P)^ D 
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+ 10%5s5p^4f ( ' F / S / F 
56% 5s' 5p' 6d (^Pf¥ ' ^' 
+ 5% 5s^ 5p^ 6d ('DfF 
35% 5s^  5p^ 6d (^Pyp 
+ 13%5s^5p^6d(^P)''P 
26% 5s 5p^ 4f ('F, ¥ f D 
+ 17%5s^5p^6d(^P)^P 
46% 5s^ 5p^ 6d ( ' P / D 
+ 7% 5s^ 5p^ 6d (^PfF 
50% 5s^ 5p^ 6d (^P^D 
+ 14%5s^5p^6d('D)^D 
34% 5s^ 5p^ 6d ( 'D)^D 
+ 16%5s^5p^6d('D)¥ 
56% 5s^  5p^ 7s ( ¥)^P 
36% 5s^ 5p^ 6d ( ¥)^D 
+ 18%5s^5p^6d('D)^D 
79% 5s 5p^ 6p ((''S)'S)6P 
76% 5s 5p^ 6p ( ( "S /S /P 
+ 5% 5s 5p^ 6p ((^PyP)^D 
80% 5s^ 5p^ 6d ("S)^D 
60% 5s^ 5p^ 7s ( 'D)^D 
22% 5s^ 5p^ 7d ( ^ / D 
+ 17%5s^5p^7d(WF 
42% 5s 5p^ 6p ((^DfDfF 
+ 10%5s5p^6p iCpfpfD 
34% 5s 5p^ 6p ((^DyD/D 
+ ll%5s5p^6p ((^P)^P)''P 
38% 5s^ 5p^ 7d ( ^ / P 
+ 13%5s5p^6p ( ( W D ) ' * D 
25% 5s 5p^ 6p ((^D)^D)^F 
+ I4%5s^5p^7d(^P)''F 
30% 5s 5p^ 6p (('DyD)''P 
+ 13%5s^5p^7d(WF 
27% 5s 5p^ 6p ((^DfDf? 
+ l l % 5 s ^ 5 p ^ 7 d ( W F 
26% 5s^  5p^ 7d ( ^ / D 
+ 13%5s^5p^7d('P)^D 
33% 5s' 5p' 7d ( T r O 
+ 16%5s^5p^7d('D)^F 
77% 5s 5p^ 6p ((^DfDfD 
59% 5s^ 5p^ 8s (^P/P 
+ 5% 5s 5p' 6p ((^D)^D)'D 
+ 6% 5s 5p' 4f ('p. 'S)'F 
+ 21%5s^5p'6d( 'P)'P 
+ 5%5s^5p-6d(^Pi-D 
+ 23% 5s 5p' 4f ( F. ' P ) ' D 
+ 9%5s-5p-6d( 'DrF 
+ 19%5s5p^4f ( F. 'S)-F 
+ 16%5s-5p-6d(^PrF 
+ 28% 5s^ 5p-6d ( 'DfD 
+ 7%5s^5p'6d( 'Pi'P 
+ 28%5s'5p '6d( 'D»'F 
+ 19%5s^5p^6d('P)^D 
+ 10%5s^5p-6d('P)*P 
+ 34% 5s^ 5p'7s ( D ) ' D 
+ 25%5s^5p-6d( Di-F 
+ l l%5s-5p-6d( P) F 
+ 12%5s5p^6p ((^Si-S)'P 
+ 13%5s5p^6p (('S)'S)6P 
+ 4% 5s- 5p' 6d (^Pfv 
+ 37% 5s^ 5p^ 7s ('P)'P 
+ 22%5s^5p^7d(^PyF 
+ 16%5s-5p-7d('P)'P 
+ 17%5s5p-'6p (( D)'D)-'D 
+ 6%5s'5p^7d(¥)*'f 
+ 17%5s^5p^7d('pyr 
+ 9%5s5p^6p ((^I))'D)V 
+ 22% 5s' 5p' 7d (^P)'F 
+ 10%5s-5p'7d(¥)-F 
+ 16%5s5p'6p ( ( 'D) 'D)" 'F 
+ 12%5s '5p '7d( 'Prf 
+ 15%5s5p'6p ( ( ' D ) DrF 
+ 12%5s-5p'7d(T| ' 'D 
+ 17%5s'5p '7d( 'P) 'F 
+ 10%5s5p^6p ( ( ' I ) ) ' 1 ) ) ' 'D 
+ 21%5s-5p'7d('D)^F 
+ 12%5s5p-'6p ( ( ' D ) ' I ) ) V 
+ 25%5s-'5p^7d('D)'D 
+ l l%5s-5p '7d ( V)'P 
+ 9%5s5p^6p (('Dr'D)^P 
+ 34% 5s^ 5p' 8s ( 'D)-D 
57% 5s 5p' 6p ((^PfP)*D + 17% 5s 5p^ 6p (( 'D)^D) 'F 
+ 4% 5s 5p-' 6p (( 'D) 'DrF 
30% 5s 5p' 6p (('PypyD + 24% 5s 5p' 6p (("P)T)T 
+ 10% 5s Sp' 6p ( ( 'DyD)T + 7% 5s 5p' 6p ((^D) D)"F 
140 Table 6.2 Continued 
- 481905.0 - 32% 5s^ 5p^ 7d ( ' D ) ' D + 22% 5S^ 5p^ 7d ( ^ P / D 
+ 18% 5s^ 5p^ 7d ( ' D ) ¥ + 8% 5s^ 5p' 7d (^P)V 
- 483832.0 - 27% 5s^ 5p^ 7d (^P)^D + 26% 5s^ 5p'7d ( 'D)^F 
+ 18% 5s^ 5p^ 7d ( 'D)^D + 8% 5s^ 5p- 7d (^P)^F 
- 487264.0 - 26% 5s 5p' 6p ((^PyP)'D + 26% 5s 5p^ 6p ( ( ' pyp /P 
+ 9% 5s 5p^ 6p ((^D^D/P + 7% 5s 5p^ 6p (( ^D) 'D) ' 'D 
- 488919.0 - 22% 5s^ 5p^ 8d ( ' P / D +21% 5S^ 5p^ 8d ( ^ F 
+ 20% 5s^ 5p^ 8d ( ^ / F + 18% 5s^ 5p^ 8d (^P)''P 
492966.2 493113.0 -146.8 63% 5s^ 5p^ 8s ( ' D ) ^ D + 36% 5s^ 5p^ 8S ( ^ P / P 
- 496359.0 - 77% 5p' 5d ( ' P / D + 5% 5p' 5d ( ' P / F 
+ 5% Sp' 5d ( 'D)^D + 5% 5p'' 5d ( ' P / P 
- 499343.0 - 31% 5s 5p^ 6p ((*SfS)*P + 29% 5s' 5p^ 7d ( 'S)-D 
+ 16% 5s 5p' 6p (( ¥)'P)^D + 5% 5s^ 5p^ 8d ('P)'P 
502176.3 501967.0 209.3 40% 5s^ 5p^ 7d ('S)^D + 15% 5s^ 5p^ 8d ( ^ P / F 
+ 15% 5s' 5p' 8d ('P)'P +11% 5s 5p' 6p (( ' s fsY? 
- 502951.0 - 35% 5s'5p'8d ( ' P ) ¥ + 27% 5s'5p'8d ( ^ P / F 
+ 13% 5s' 5p' 8d ( ¥ ) 'D + 8% 5s 5p' 6p (( ' D ) ' D ) ' F 
- 503822.0 - 20% 5s'5p'8d ( V / P + 16% 5s'5p'8d ( ^ F 
+ 16% 5s 5p^ 6p (('SfsfP + 13% 5s 5p' 6p (( ' D ) ' D ) ' F 
- 504421.0 - 39% 5s 5p^ 6p ( ( ' D ) ' D ) ' F + 12% 5s'5p'8d ( ^P) 'F 
+ 10% 5s 5p^ 6p (( ' D ) ' D ) ' D + 8% 5s 5p^ 6p (( 'pyP)'D 
- 508909.0 - 45%5s5p^6p ( ( ' D ) ' D ) ' D + 1 l%5s '5p '8d ( ' D ) ' D 
+ 8% 5s 5p^ 6p (( 'sfsfP + 6% 5s 5p^ 6p (('P)'P)''P 
- 509676.0 - 28% 5s'5p'8d ( ' P / D + 26% 5s'5p'8d ( ' D ) ' F 
+ 14% 5S' 5p' 8d ( ^P) 'D + 9% 5s' 5p' 8d ( ^ P / F 
- 510583.0 - 24% 5s' 5p' 8d ( ¥ ) ' D + 17% 5s' 5p' 8d ( ' D ) ' D 
+ 16% 5s 5p^ 6p (( ' D ) ' D ) ' D +11% 5s' 5p' 8d (^P)V 
- 514721.0 - 63% 5s'5p'9s ('P)*P + 37% 5s '5p'9s ( ' D ) ' D 
- 5J7584.0 - 83%5p''5d CPfF + 6% 5p* 5d ('P)^D 
- 521167.0 - 56%5p''5d ( ¥ ) ' P +15%5p'5d ( > ) ' F 
+ 13%5p''5d ( ' S ) ' D +10%5p'5d ( ' P ) ' D 
- 527060.0 - 30%5s5p'6p ( ( ' P ) ' P ) ' D +19%5p''5d ( ' D ) ' D 
+ l l%5s5p '6p ((''S/S)''P + 9%5p''5d CPfP 
















14%5p''5d ( ¥ ) ' F 
50% 5s' 5p' 8d ( ' D ) ' F 
9% 5s' 5p' 8d ( ¥ / D 
47% 5s' 5p' 8d ( ' D ) ' D 
10%5s'5p '8d(¥)*P 
47% 5p'' 5d ( ' P ) ' F 
9% 5p* 5d ( ' D ) ' D 
63% 5s' 5p' 9s ( ' D ) ' D 
66% 5p^ 5d ( ' D ) ' F 
5% 5p'' 5d ( ¥ ) ' F 
+ 14%5p''5d ( ' D ) ' D 
+ 15%5s '5p '8d (¥ ) 'D 
+ 7% 5s 5p^ 6p (('P)'P)'D 
+ l l % 5 s ' 5 p ' 8 d ( W D 
+ 8% 5s '5p'8d ( ^ / D 
+ 20% Sp" 5d ( ' D ) ' F 
+ 6% 5s 5p' 6p (( ' P ) ' P ) ' D 
+ 37% 5s' 5p' 9s ( V / P 
+ 20%5p''5d ( ' D ) ' D 
550641.0 - 87% 5s' 5p' 8d ( ' S ) ' D 
45% 5p' 5d (^P)^D 
13%5p''5d ( ' S ) ' D 
65% Sp" 5d ('S)^D 
84% Sp' 6s ( ¥)"? 
84% Sp" 6s ('D)^D 
83% 5s^ 5p^ 5d ( ^PYF 
4% 5s^ 5p^ 5d ( 'D)^G 
+ 27% 5p'' 5d 






( P) F 
( 'P)-D 
( ' D ) ' D 
( P)'P 
5d ( ^P)^ D 





7/2 192561.7 192644.0 -82.3 
196128.0 196331.0 -203.0 40% 5s^ 5p^ 5d ( ' P / D + 32% 5S-5p''5d ( 'D)-F 
+ 18% 5s^ 5p^ 5d (^P)^F + 8% 5s' 5p' 5d ( 'D ("G 
212207.5 212071.0 136.5 49% 5s'5p'5d ( ' D ) ^ G + 26% SS'5p-5d ( T I ' D 
+ 12% 5s' 5p' 5d ( ^PYF +11% 5s' 5p' 5d ( T >'F 
218279.4 218768.0 -488.6 35% 5s '5p'5d ( ' D ) ' F + 32% 5S '5p '5d ( ' D T G 
+ 22% 5s' 5p' 5d ( ' P / D + 9% 5s' 5p' 5d ( P)'F 
242157.2 242296.0 -138.8 60% 5s '5p'5d ( ' P ) ' F + 30% 5S '5p '5d ( ' D ) ' F 
+ 5% 5s' 5p' 5d ( ' D ) ' G 
- 264935.0 - 92% 5s 5p^ 4f (^F, ''S)^F 
- 278764.0 - 79% 5s 5p^ 4f (¥ , *S)''F + 6% 5s 5p' 4f (^F, - [ ) ) 'F 
+ 6% 5s 5p^ 4f (^F, ' P ) ' F 
- 296331.0 - 60% 5s 5p^ 4f ( ¥ , ' D / G + 22% 5s 5p^ 4f (^F, 'P ) 'G 
+ 6% 5s 5p^ 4f (^F, ' D / H + 5% 5s 5p^ 4f (¥, 'SfF 
- 298987.0 - 57% 5s 5p^ 4f (¥ , ' D / D + 32% 5s 5p^ 4f (^F. ^P) 'D 
- 303551.0 - 74% 5s 5pMf ( ¥ , ' D ) ' H + 7% 5s 5p'4f ( V . ' D ) ' ' G 
- 308205.0 - 35% 5s 5p^ 4f (¥ , ' D / F + 23% 5s 5p^ 4f (^F. =D)'G 
+ 11% 5s 5p^ 4f (^F, ' P ) ' F + 10% 5s 5p' 4f ( ¥ ' ! ) )¥ 
- 308986.0 - 40% 5s 5p^ 4f (^F, ' D / F + 15% 5s 5p^ 4f ( ¥ ' D ) ' F 
+ 10% 5s 5p^ 4f (^F, ' P ) ' F + 10% 5s 5p^ 4f (¥ . "S ) 'F 
- 318123.0 - 35% 5s 5pMf ( ¥ , ' D ) ' F + 34% 5S 5p'4f ( ¥ . ' D ) ' G 
+ 11% 5s 5p^ 4f CF, ' P ) ' G + 6% 5s 5p^ 4f ( 'F , ' P ) ' F 
- 325160.0 - 50% 5s 5p^ 4f ( ¥ , ' P / F +33% 5S 5p^4f ( ^ F , ' P I ' G 
- 329852.0 - 26% 5s 5pMf ( ¥ , ' P / G + 2 1 % 5s 5p^ 4f (^F,'P)^F 
+ 13% 5s 5p^ 4f CF, ' D / G + 9% 5s 5p^ 4f CF, P)-G 
- 334889.0 - 47% 5s 5p^ 4f ( ¥ , ' P / D + 29% 5s 5p^ 4f ( 'F , ' D )''D 
+ 9% 5s 5p^ 4f ("F, ' D ) ' F 
- 336482.0 - 27% 5s 5p' 4f (^F, ' P ) ' F + 25% 5s 5p' 4f CF, TrG 
+ 18% 5s 5p' 4f CF, ' D ) ' F + 6% 5s 5p' 4f (V, ' D ) ' G 
- 342135.0 - 26% 5s 5pMf ( ' F , ' P ) ' G + 26% 5S 5pMf ( 'F , D) 'G 
+ 15% 5s 5p^ 4f ( ' F , ' D ) ' G + 13% 5s 5p' 4f ( 'F , P) F 
- 346354.0 - 45% 5s 5p' 4f ( 'F , " S / F + 13% 5s 5p' 4f ( 'F , -P)-G 
+ 11% 5s 5p' 4f ( ' F , ' P ) ' F + 7% 5s 5p^ 4f (^F, 'l')-F 
- 351958.0 - 31%5s5p'4f ('F,'D)'G + 23% 5s 5p-Mf ( 'F , "Sj'P 
+ 12% 5s 5p^ 4f ( 'F , ' P ) ' G + 8% 5s 5p-' 4f (T, 'p)'f 
- 355147.0 - 59% 5s 5p'4f ( ' F , ' D ) ' F + 10% 5S 5p'4f ( Y / S ) - F 
+ 7% 5s 5p' 4f ( 'F , ' S / F + 7% 5s 5p' 4f (^F, 'P)^D 
- 360758.0 - 39% 5s 5p^ 4f (^F/S)'F + 22% 5s 5p^ 4f ( ' F , ' D ) - G 
+ 12% 5s 5p' 4f ( 'F , ' D ) ' F + 8% 5s 5p' 4f ( 'F , ' P ) ' G 
142 Table 6.2 Continued 
- 375280.0 
- 377032.0 
378921.8 379263.0 -341.2 
383178.6 383325.0 -146.4 
388739.7 389195.0 -455.3 










482463.5 482467.0 -3.5 







67% 5s 5p' 4f (T, 'PYF + 12% 5s 5p' 4f (T, "SfF 
6% 5s 5p^ 4f ( 'F , W F 
55% 5s 5p^ 4f ( 'F , ^PfG 
8% 5s 5p^ 4f ( 'F , ^D)^G 
58% 5s^ 5p^ 6d (^P)*F 
5% 5s^ 5p^ 6d ( ¥ ) ¥ 
+ 23% 5s 5p-' 4f (T, "SrF 
+ 28% 5s^ 5p^ 6d (T)' 'D 
29% 5s^ 5p^ 6d ( 'D)^F 
19%5s^5p^6d(¥/F 
39% 5s^ 5p^ 6d ('pfF 
14% 5s^ 5p^ 6d ( ' D ) ¥ 
48% 5s^ 5p^ 6d ( ' D ) ¥ 
7% 5s^ 5p^ 6d ( ¥ ) ¥ 
48% 5s^ 5p^ 6d ( 'D)^G 
10%5s^5p^6d(¥)''F 
93% 5s 5p^ 6p (("8/8)6? 




+ 32% 5s^ 5p^ 6d ( ' P / D 
+ 6% 5s^ 5p^ 6d (^P^F 
+ 33% 5s^ 5p^ 6d ( ^ P / F 
+ 6% 5s^ 5p^ 6d ( 'D) -F 
+ 6% 5s 5p^ 6p ((^PfP^D 
44% 5s 5p' 6p (( ^ D / D ) ' ' F + 29% 5s^ 5p^ 7d ( 'P) ' 'F 
+ 9% 5s 5p^ 6p ((^P)^P)'*D 
+ 19%5s5p^6p (CDfufF 
+ 11% 5s 5p^ 6p (( ^D)^D)''F 
+ 21%5s5p^6p ({^DfDfF 
+ l l%5s5p '6p ((^P)'P)'*D 
+ 20% 5s^ 5p^ 7d (^P)^F 
+ 9% 5s^ 5p^ 7d ('Pj'D 
+ 28% 5s^ 5p' 7d ( ^ / D 
+ 9% 5s^ 5p^ 7d (^P)'F 
+ 31%5s^5p^7d('D)^G 
+ 12%5s^5p^7d(T)''D 
42% 5s 5p^ 6p (( ^D)^D)''D 
+ 16%5s^5p^7d(¥)''D 
39% 5s^ 5p^ 7d ( ¥ / F 
+ 13%5s5p^6p iCofDfF 
48% 5s 5p^ 6p (( ^ D / D / D 
+ 9% 5s 5p' 6p (( ^D)'D) ' 'F 
36% 5s 5p^ 6p (( ' D / D ) ^ F 
+ 23% 5s^ 5p^ 7d ( 'D)^F 
33% 5s^ 5p^ 7d (^PfF 
+ 12%5s5p^6p (( W D / F + 8% 5S 5p'6p (( W D ) ' ' D 
37%5s^5p^7d('D)^F 
+ 9% 5s^ 5p^ 7d (^P)''D 
20% 5s^ 5p^ 7d ( 'D)^G 
+ 17%5s5p^6p ((^P)¥)'*D 
37% 5s^ 5p^ 7d ('D)^G 
+ 16%5s^5p^7d(^P/F 
81%5p'5d ( ' P ) ' D 
+ 5% Sp" 5d ( ' D ) ¥ 
54% 5s^ 5p^ 8d ( 'P) ' 'F 
+ 14% 5s^ 5p^ 8d ( ' P ) ¥ 
53% 5s 5p^ 6p (( ^ D ) ' D ) ' F 
+ 9% 5s 5p' 6p ((^PfPfD 
33% 5p'' 5d (^PfF 
+ 22% 5p" 5d ('D)^G 
37% 5s^  5p^ 8d ( ^P)^F 
+ 14%5s^5p^8d(¥/F 
32% 5s^ 5p' 8d ('P)*D 
+ 16%5s5p^6p ( (^D) 'D)^F 
+ 36% 5s 5p^ 6p ((2p)^P)''D 




+ 8% 5s 5p^ 6p (( ^ P / P / D 
+ 12%5p''5d ( ^ F 
+ 31%5s^5p^8d(^P)''D 
+ 13%5s^5p^8d('D)¥ 
+ 6% 5s^ 5p^ 8d ( ¥ ) ' ' F 
+ 31%5p''5d (^P)' 'F 
+ 32%5s^5p'8d('D)^G 
+ 13%5s5p'6p ( ( ' D ) ' D ) ^ F 
+ 22% 5s^ 5p^ 8d ('DfF 
+ 15%5s^5p^8d(^P)^F 






48% Sp" 5d 
12%5p''5d 
(¥) ' 'F 
(^P)'D 
57% 5p* 5d ('D)'G 
9% Sp" 5d ( 'D)^F 
31%5s^5p^8d( 'D)¥ 
22% 5s^ 5p^ 8d (^P)¥ 
36% 5s^ 5p^ 8d ( 'D)^G 
I7%5s^5p^8d(¥)'*F 
78% 5?" 5d ( ' D ) ¥ 
+ 23%5p'5d (^PrF 
+ 10%5p''5d ( 'D)^G 
+ 21%5p''5d (^Pi'F 
+ 6%5s'5p-8d( 'D)-F 
+ 27% 5s''5p-8d •' '[))-G 
+ 13%5s^5p-8d( "'P)-'D 
+ 24% 5s'5p-8d ( 'D)^F 
+ 9%5s^5p^8d(¥)-F 
+ 14%5p^5d ( P ) F 
9/2 199352.5 199072.0 280.5 























76% 5s^ 5p^ 5d ( ¥ ) ' F 
76% 5s^ 5p^ 5d ( 'D)^G 
92% 5s 5p^ 4f (^F, ''S)*F 
88% 5s 5p^ 4f (^F, " S / F 
50% 5s 5p^ 4f (^F, ^D)''G 
n % 5 s 5 p M f (^F, ^ H 
49% 5s 5p^ 4f CF, ^D)^H 
10%5s5p^4f ( ¥ , ^ / F 
39% 5s 5p^ 4f (¥ , ^D) 'F 
23% 5s 5p^ 4f ( ¥ , ^D)''H 
80% 5s 5p^ 4f (^F, ^D)^ H 
89% 5s 5p^ 4f (^F, ^DfC 
48% 5s 5p^ 4f (^F, ^ P / G 
l l%5s5p^4f ( ^ F . ^ D / H 
30% 5s 5p^ 4f (^F, ^ P / F 
10%5s5pMf ( ¥ , ¥ / G 
42% 5s 5p^ 4f ( ¥ , ^P)^ G 
10%5s5p^4f ( 'F , W G 
44% 5s 5p^ 4f ( 'F , " S / F 
15%5s5pMf ( ' F , ^D)^G 
63% 5s 5p^ 4f ( ' F , ^DfH 
9% 5s 5p^ 4f (^F, ^P)2G 
39% 5s 5p^ 4f ( ' F , ^D)^G 
16%5s5p^4f ( ' F , W H 
67% 5s 5p' 4f ( ' F , ¥ ) ^ G 
13%5s5p^4f ( 'F , ^D)^ G 
64% 5s^ 5p^ 6d ( W F 
64% 5s^ 5p2 6d ( 'D)^G 
53% 5s 5p^ 6p (( ^D) 'D) ' 'F 
12%5s^5p^7d('D)2G 
44% 5s 5p^ 6p (( ^D)^D)''F 
28% 5s^ 5p^ 7d ( 'D)^G 
60% 5s^ 5p^ 7d ( 'D)^G 
82% 5p'' 5d (^Pj^F 
64% 5s^ 5p^ 8d ( ' P / F 
64% 5s^ 5p^ 8d ( ' D / G 
+ 23% 5s-5p^ 5d ( ' D ) ' G 
+ 23%5s'5p^5d('Pi"'F 
+ 5%5s5p^4f (^F,i')-G 
+ l7%5s5pMf (^F, > ) ' G 
+ 7% 5s 5p^ 4f C¥. -I))-'F 
+ 30% 5s 5p' 4f (H, -D)V 
+ 6% 5s 5p' 4f CF ^P)^G 
+ 31%5s5pMf (^F.i))^G 
+ 10%5s5pMf (T -P)-G 
+ 23%5s5pMf (¥ . ^P)''F 
+ 5%5s5pMf (¥ , -D)V 
+ 20%5s5p^4f ( ¥ , ' P ) ' G 
+ 8% 5s 5p'4f ('F, 'D)-H 
+ n % 5 s 5 p ' 4 f ( ' F , ' D ) ^ H 
+ 9% 5s 5p^ 4f (^F, ->)T 
+ 25%5s5p'4f ( ' F , ' P ) 'G 
+ 10%5s5p^4f (^F, 'P ) 'F 
+ 13%5s5p-'4f ( 'F , D)-G 
+ 8%5s5p''4f ( 'F , V F 
+ 25%5s5p'4f ( ' F / S ) ' F 
+ 10%5s5p^4f (¥ , ^P)-G 
+ 14%5s5p-'4f ( ' F / , S ) ' F 
+ 33% 5s^ 5p^ 6d ( 'D) G 
+ 34% 5s^ 5p^ 6d ( ^P) 'F 
+ 33% 5s- 5p^ 7d ( ' P / F 
+ 28% 5s- 5p^ 7d ('P)*V 
+ 39% 5s^ 5p^ 7d ( - 'P /F 
+ 17%5p''5d ( ' D ) ^ G 
+ 36% 5s^ 5p^ 8d ( 'D)^C. 
+ 36% 5s^ 5p- 8d ( ^ / F 
144 Table 6.2 Continued 
- 530385.0 - 82%5p''5d ( 'D)^G +17%5p''5d ( ' P / F 
11/2 - 265997.0 - 94% 5s 5pMf (¥ , " S / F + 5% 5S 5p^ 4f (¥ , ^P)''G 
- 303305.0 - 44% 5s 5p^ 4f (^ F, ^ D / H +31% 5s 5p^ 4f (^F, ^D)''G 
+ 19%5s5pMf ( ^ . ^ / G 
- 308153.0 - 63% 5s 5p'4f ( 'F , ^D)*G + 37% 5s 5p^ 4f ( 'F , ^Dj'H 
- 313043.0 - 84% 5s 5p^ 4f f F / D f H + 7% 5s 5p^ 4f (^F, ^ D / H 
+ 5% 5s 5p' 4f (^F, -P)''G 
- 328542.0 - 62% 5s 5p^ 4f (^F, P^)'*G + 13% 5s 5p' 4f ( 'F , ^D)^H 
+ 11% 5s 5p^ 4f (^F, W H + 7% 5s 5p' 4f ( 'F , ^ D / H 
- 354291.0 - 91%5s5pMf ( 'F , W H + 8% 5S 5pMf ( 'F , ^ P / G 
13/2 - 309306.0 - 100% 5s 5pMf (^F, W H 
Table 6.3 LSF and HF energy parameters of Ba VI in cm -1 
configuration parameter 
Odd Parity Configurations 
5s^  5p^ 
5s^  5p2 4f 
5s' 5p' 5f 
5s^  5p^ 6p 






EAV(5S^ 5p^ 4f) 






G'( 4f, 5p) 
G'(4f,5p) 
G'(4f,5p) 
EAV(5S- 5p' 5f) 




F'( 5p, 5f) 
F'( 5p, 5f) 
G'( 5p, 5f) 
G'( 5p, 5f) 
G\ 5p, 5f) 
EAV(5S' 5p' 6p) 




F'( 5p, 6p) 
F ' ( 5p, 6p) 
G"( 5p, 6p) 
G'(5p,6p) 
G'( 5p, 6p) 
EAV(5S' 5p' 7p) 




F ' ( 5p, 7p) 
F ' ( 5p, 7p) 
G\ 5p, 7p) 
G'( 5p, 7p) 







































































































































































146 Table 6.3 Continued 
5s^5p^ -5s^5p^4f 
5s^ 5p^ -5s^ 5p^ 5f 
5s^5p^ -5s^5p^6p 




5s^ 5pMf-55^ 5p^ 7p 
5s^ 5p^ 5f-5s^ 5p^ 6p 
5s^5p^5f-5s^5p^7p 
5s^ 5p^ 6p -5s^ 5p^ 7p 
zeta( 5p) 
R'( 5p, 5p; 4f, 5p) 
R'( 5p, 5p; 5p, 5f) 
R''( 5p, 5p; 5p, 6p) 
R'( 5p, 5p; 5p, 6p) 
R''( 5p, 5p; 5p, 7p) 
R'( 5p, 5p; 5p, 7p) 
R'( 5S, 5S; 5p, 5p) 
R\4f,5p;5p,5f) 
R'( 4f, 5p; 5p, 5f) 
R^C 4f, 5p; 5f, 5p) 





R^( 5p, 5f; 5p, 6p) 
R\ 5p, 5f; 6p, 5p) 
R\ 5p, 5f; 5p, 7p) 
R\ 5p, 5f; 7p, 5p) 
R^ 'C 5p, 6p; 5p, 7p) 
R'( 5p, 6p; 5p, 7p) 
R''( 5p, 6p; 7p, 5p) 
































































































Even Pacrity Configurations 
221.0 
5s 5p* 
5s^  5p^  5d 
5s^  5p^  6d 
EAV(5S 5p'') 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5s, 5p) 
EAV(5S^ 5p^ 5d) 




F'( 5p, 5d) 
F'( 5p, 5d) 
G'(5p, 5d) 
G^( 5p, 5d) 
G^( 5p, 5d) 
EAV(5S^ 5p^ 6d) 




F'( 5p, 6d) 
F'( 5p, 6d) 
G'( 5p, 6d) 
G'( 5p, 6d) 



























































































The Spectrum of Ba VI 147 
5s^  5p^ 7d 
5s^ 5p^ 8d 
5s^ 5p^ 6s 
5s^ 5p^ 7s 
5s^  5p^ 8s 
5s^ 5p2 9s 
5s 5p 6p 
EAV(5S^ 5p^ 7d) 




F'( 5p, 7d) 
F'( 5p, 7d) 
G'(5p,7d) 
G'( 5p, 7d) 
G\ 5p, 7d) 
EAV(5S^ 5p^ 8d) 




F'( 5p, 8d) 
F'( 5p, 8d) 
G'( 5p, 8d) 
G (^ 5p, 8d) 







F (^ 5p, 5p) 
alfa( 5p) 
zeta( 5p) 





G'( 5p, 7s) 
EAV(5S' 5p' 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 8s) 
EAV(5S' 5p' 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 9s) 
EAV(5S 5p^ 6p) 




F'( 5p, 6p) 
F'( 5p, 6p) 
G'(5s, 5p) 
G'( 5s, 6p) 










































































































































































































































5d -5s^ 5p 
5d -5s^ 5p 
i^6d 
i^7d 
G'( 5p, 6p) 
G\ 5p, 6p) 
EAV(5S 5p' 4f) 





F'( 4f, 5p) 
G (^ 4f, 5s) 
G'(4f,5p) 
G'( 4f, 5p) 
G'(4f,5p) 
G'( 5s, 5p) 
EAV(5P' 5d) 




F'( 5p, 5d) 
F'( 5p, 5d) 
G'( 5p, 5d) 
G'( 5p, 5d) 
G'( 5p, 5d) 
EAV(5P'' 6S) 
F \ 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 6S) 
R ' ( 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 
R ' ( 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 
R ' ( 5p, 5p; 5s, 
R' ( 5p, 5p; 5s, 










R ' ( 5s, 5p; 6p, 5s) 
R°( 5p, 5p; 5p, 6p) 
R ' ( 5p, 5p; 5p, 6p) 
R ' ( 5p, 5p; 4f, 5p) 
R ' ( 5S, 5p; 5p, 5d) 
R\ 5S, 5p; 5d, 5p) 
R' ( 5S, 5p; 5p, 6S) 
R\ 5S, 5p; 6S, 5p) 
R\ 5p, 5d; 5p, 6d) 
R (^ 5p, 5d; 5p, 6d) 
R ' ( 5p, 5d; 6d .5p) 
R \ 5p, 5d; 6d, 5p) 
R\ 5p, 5d; 5p, 7d) 
R\ 5p, 5d; 5p, 7d) 








































































































































































































The Spectrum of BaVI 149 
5s^ 5p^ 5d -5s^ 5p^ 8d 
5s^ 5p^ 5d -5s^  5p^ 6s 
5s^ 5p^ 5d -5s^ 5p^ 7s 
5s^ 5p^ 5d -5s^ 5p^ 8s 
5s^ 5p^ 5d -5s^  5p^ 9s 
5s^ 5p^ 5d -5s 5p' 6p 
5s^ 5p^ 5d -5s 5p' 4f 
5s^ 5p^ 5d -5?" 5d 
5s^ 5p^ 6d -5s^ 5p^ 7d 
5s^ 5p^ 6d -5s^ 5p^ 8d 
5s^ 5p^ 6d -5s^  5p^ 6s 
5s^ 5p^ 6d -5s^ 5p^ 7s 
5s^ 5p^ 6d -5s^ 5p^ 8s 
5s^ 5p^ 6d -5s^ 5p^ 9s 
5s^ 5p^ 6d -5s 5p^ 6p 
5s^ 5p^ 6d -5s 5p^ 4f 
5s^ 5p^ 7d -5s^ 5p^ 8d 
5s^ 5p^ 7d -5s^ 5p^ 8d 
5s^ 5p^ 7d -5s^ 5p^ 6s 
5s^ 5p^ 7d -5s^ 5p^ 7s 
5s' 5p' 7d -5s' 5p' 8s 
5s' 5p' 7d -5s' 5p' 9s 
5s' 5p' 7d -5s 5p^ 6p 
5s' 5p' 7d -5s 5p' 4f 
5s' 5p' 8d -5s' 5p' 6s 
R \ 5p, 5d; 7d, 5p) 
R°( 5p, 5d; 5p, 8d) 
R'( 5p, 5d; 5p, 8d) 
R'( 5p, 5d; 8d, 5p) 
R \ 5p, 5d; 8d, 5p) 
R'( 5p, 5d; 5p, 6s) 
R'( 5p, 5d; 6s, 5p) 
R'( 5p, 5d; 5p, 7s) 
R'( 5p, 5d; 7s, 5p) 
R'( 5p, 5d; 5p, 8s) 
R'( 5p, 5d; 8s, 5p) 
R'( 5p, 5d; 5p, 9s) 
R'( 5p, 5d; 9s, 5p) 
R'( 5S, 5d; 5p, 6p) 
R'( 5S, 5d; 6p, 5p) 
R'( 5S, 5d; 4f, 5p) 
R'( 5s, 5d; 5p, 4f) 
R'( 5s, 5s; 5p, 5p) 
R \ 5p, 6d; 5p, 7d) 
R'( 5p, 6d; 5p, 7d) 
R'( 5p, 6d; 7d, 5p) 
R'( 5p, 6d; 7d, 5p) 
R ^ 5p, 6d; 5p, 8d) 
R'( 5p, 6d; 5p, 8d) 
R'( 5p, 6d; 8d, 5p) 
R'( 5p, 6d; 8d, 5p) 
R'( 5p, 6d; 5p, 6s) 
R'( 5p, 6d; 6s, 5p) 
R'( 5p, 6d; 5p, 7s) 
R'( 5p, 6d; 7s, 5p) 
R'( 5p, 6d; 5p, 8s) 
R'( 5p, 6d; 8s, 5p) 
R'( 5p, 6d; 5p, 9s) 
R'( 5p, 6d; 9s, 5p) 
R'( 5S, 6d; 5p, 6p) 
R'( 5S, 6d; 6p, 5p) 
R^( 5s, 6d; 4f, 5p) 
R'( 5S, 6d; 5p, 4f) 
R°( 5p, 7d; 5p, 8d) 
R'( 5p, 7d; 5p, 8d) 
R'( 5p, 7d; 8d, 5p) 
R^( 5p, 7d; 8d, 5p) 
R'( 5p, 7d; 5p, 6s) 
R'( 5p, 7d; 6s, 5p) 
R'( 5p, 7d; 5p, 7s) 
R'( 5p, 7d; 7s, 5p) 
R'( 5p, 7d; 5p, 8s) 
R'( 5p, 7d; 8s, 5p) 
R'( 5p, 7d; 5p, 9s) 
R'( 5p, 7d; 9s, 5p) 
R'( 5S, 7d; 5p, 6p) 
R'( 5S, 7d; 6p, 5p) 
R^( 5s, 7d; 4f, 5p) 
R'( 5S, 7d; 5p, 4f) 
R'( 5p, 8d; 5p, 6s) 



























































































































































































































150 Table 6.3 Continued 
5s^ 5p^ 8d -5s^ 5p^ 7s 
5s^ 5p^ 8d -5s^ 5p^ 8s 
5s^  5p^ 8d -5s^ 5p^ 9s 
5s^  5p^ 8d -5s 5p' 6p 
5s^  5p^ 8d -5s 5p' 4f 
5s^ 5p^ 6s -5s^ 5p^ 7s 
5s^  5p^ 6s -5s^ 5p^ 8s 
5s^ 5p^ 6s -5s^ 5p^ 8s 
5s^  5p^ 6s -5s^ 5p^ 9s 
5s^  Sp'^  6s -5s 5p^ 6p 
5s^  5p- 7s -5s^ 5p^ 8s 
5s^ 5p^ 7s -5s^ 5p^ 9s 
5s^ 5p^ 7s -5s^ 5p^ 9s 
5s^  5p^ 7s -5s 5p^ 6p 
5s^  5p^ 8s -5s^ 5p^ 9s 
5s^  5p^ 8s -5s 5p' 6p 
5s^ 5p^ 9s -5s 5p^ 6p 
5s 5p^ 6p -5s 5p^ 4f 
5s 5p' 6p -5p^ 5d 
5s 5p^ 6p -5?" 5d 
5s 5p' 6p -Sp"* 6s 
5s 5p^ 4f -Sp" 5d 
5p'' 5d -5p^ 6s 
R (^ 5p, 8d; 5p, 7s) 
R'( 5p, 8d; 7s, 5p) 
R (^ 5p, 8d; 5p, 8s) 
R' ( 5p, 8d; 8s, 5p) 
R (^ 5p, 8d; 5p, 9s) 
R'( 5p, 8d; 9s, 5p) 
R' ( 5S, 8d; 5p, 6p) 
R'( 5s, 8d; 6p, 5p) 
R (^ 5s, 8d; 4f, 5p) 
R'( 5s, 8d; 5p, 4f) 
R\ 5p, 6s; 5p, 7s) 
R'( 5p, 6s; 7s, 5p) 
R^C 5p, 6s; 5p, 8s) 
R' ( 5p, 6s; 8s, 5p) 
R\ 5p, 6s; 5p, 9s) 
R' ( 5p, 6s; 9s, 5p) 
R'( 5s, 6s; 5p, 6p) 
R ' ( 5S, 6S; 6p, 5p) 
R ' ( 5S, 5S; 5p, 5p) 
R°( 5p, 7S; 5p, 8s) 
R ' ( 5p, 7S; 8s, 5p) 
R\ 5p, 7S; 5p, 9s) 
R ' ( 5p, 7S; 9s, 5p) 
R' ( 5S, 7S; 5p, 6p) 
R ' ( 5S, 7S; 6p, 5p) 
R°( 5p, 8s; 5p, 9s) 
R' ( 5p, 8s; 9s, 5p) 
R' ( 5S, 8S; 5p, 6p) 
R' ( 5S, 8S; 6p, 5p) 
R ' ( 5S, 9S; 5p, 6p) 
R' ( 5s, 9s; 6p, 5p) 
R^( 5p, 6p; 4f, 5p) 
R\ 5p, 6p; 5p, 4f) 
R ' ( 5s, 6p; 5p, 5d) 
R\ 5S, 6p; 5d, 5p) 
R ' ( 5S, 6p; 5p, 6s) 
R^C 5S, 6p; 6s, 5p) 
R (^ 4f, 5s; 5p, 5d) 
R ' ( 4f, 5s; 5d, 5p) 
R\ 5p, 5d; 5p, 6s) 






























































































































































The Spectrum of Six Times Ionized Barium (Ba VII) 
7.1. Introduction 
The ground state configuration of the six - times ionized Barium atom (Ba Ml) is 
5s^ 5p^ and it belongs to the Sn I isoelectronic sequence. First measurement of this 
spectrum was done by Tauheed and Joshi [49] in 1992. They classified 70 lines in the 
332-994 A wavelength region as transitions from the ground levels to the three lowest 
excited odd parity configurations 5s5p , 5s^5p5d and 5s^5p6s, thereby establishing ail 
five levels of the ground configuration and all but one level of the three excited 
configurations. They also analyzed these configurations in the Sn 1 isoeloctronic 
sequence of Sb II [64], Te III [65, 66], I IV [67, 68], Xe V [69], Cs VI [70] and La VIII 
[71, 72]. The analyses have been extended on Sb II [73], Te III [74], 1 IV [40] and Cs VI 
[41] in past few years in our lab. Recently a compilation on Ba ions Ba III- LVI was 
published by Sansonetti and Curry [31]. It contains bibliographic details of almost all 
work done on barium ions along with their results (Energy levels with designations and 
uncertainties, classified lines, transition probabilities etc.). To attain more information 
along the isoeloctronic sequence we have extended the previous work [49] done on this 
spectrum in the present analysis. 
y T?C,1 
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7.2. Energy Level Structure of Ba VII 
The ground configuration of Ba VII is 5s^5p ;^ it gives us three terms ^P, 'D and 
'S. The outer excitation of 5s^5p^ gives two electron spectrum of the type 5s^5pnl with 
singlet and triplet terms. The internal excitation of 5s^ 5p^ constitutes 5s5p^ configuration. 
Further excitation of the excited configuration 5s5p^ leads to 5s5p^nl type configurations. 
These configurations are three electron systems giving quintet, triplet and singlet term 
structure. The terms and energy levels arising from the different configurations of Ba 
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'S(^S) 












'D l , 2 , 3 
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The respective position of the centre of gravity of even and odd parity 
configurations which were included in the final least square fit, along the isoelectronic 
sequence are given in Figure 7.1 and Figure 7.2 respectively. The spread of energy and its 
overlapping region for these even and odd parity configurations are also plotted in Figure 
7.3 and Figure 7.4 respectively. 
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Fig.7.1. E Av (HF)/Z value for even parity configurations in Sn I sequence from Sb II to 
La VIII. E,, is the centre of gravity of the configuration obtained using relativistic 
Hartree-Fock calculations, and Z is the charge number (Z = 1 for Sn I, 2 for Sb II and so 
on). 
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1.3x10s 
— I — , — I — I — I — , — I — I — I — I — ^ — I — r 
Sbll Telll IIV XeV CsVI BaVII LaV 
Fig.7.2. EAV ( H F ) / Z , value for odd parity configurations in Sn 1 sequence from Sb II to 
La VIII. Eav is the centre of gravity of the configuration obtained using relativistic 
Hartree-Fock calculations, and Z is the charge number (Z, = 1 for Sn I, 2 for Sb II and so 
on). 
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Liii-J 
i 
s'p' 5p4f -V sp'(i 5s'4r3p6psp"s5p5fp4f 5s-5d"5p7p5s'6s5d 
Fig.7.3. Energy spread of various even parity configurations in Ba VII; filled rectangles 
represent the analyzed configurations. 













T ' I ' I - T — I — I — I — I — ; — I — \ — I — I — 1 — \ — I — I — \ — I — 1 
sp' 5p5d sp'4f 5p6s s"d4f 5p6d sp'6p 5p7s p-5d y^i^ 5p8s p'6s 
Fig. 7.4.Energy spread of various odd parity configurations in Ba VII; filled rectangles 
represent the analyzed configurations. 
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7.3. Analysis and Discussions 
7.3.1. Ab initio Calculations 
To locate new energy levels and to interpret the transition array theoretically, we 
carried out Hartree-Fock calculations using Cowan's configuration-interaction code for 
atomic structure calculations [7]. Configuration Interaction calculations were carried out 
by including 5s5p^ 5s^5p (5d + 6d + 7d + 8d), 5s^5p (6s + 7s + 8s), 5s5p'4f, 5s5p'6p, 
5p^5d, 5p^6s, 5s^5d4f and 5s^5s6p configurations in odd parity system. Thus we include 
all the possible interacting configurations to incorporate their interacting effects. The 
scaling of energy parameters for the three excited configurations 5s5p , 5s 5p5d and 
5s^5p6s were applied according to the extrapolated values in its isoelectronic sequence Sb 
I I -La VIII [64-72]. 
In the even parity system, initially we were interested in the 5s5p^4f and 5s5p"6p 
configurations as they are much needed for the verification of earlier work. The ab initio 
9 7 -J 
calculations for even parity system were done by including 5s 5p , 5s 5p (4f + 5f + 6f), 
5s^5p (6p + 7p + 8p), 5p^ 5s5p^ (5d + 6d), 5s5p^6s, 5s^5d^ 5p^5d^ 5pMf, 5p^6p, 5s^6s', 
5s^ 4f^ , 5s^5d6s, 5s^6s6d configurations. 
The parameter's scaling was derived using least squares fit of the known levels to 
the Hartree-Fock calculated values where experimental level values are used to optimize 
the calculated energy parameters. 
7.3.2. The Spectrum Analysis 
7.3.2.1. Odd Parity Configurations 
5s^ 5p^  - [5s5p^ + 5s^5p5d+5s^5p6s] transition array 
As mentioned before, this transition array was reported earlier by Tauheed and 
Joshi [49]. We started analysis with the verification of their work. First of all, the ground 
levels and their intervals were re-examined. They were found to be regular on 
isoelectronic sequence and were giving satisfactory transitions with the located levels of 
5s5p^ configuration. All the levels of ground configuration and three lowest excited 
configurations viz 5s5p^, 5s^5p5d and 5s^5p6s were found to be satisfactory and we 
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confirm them all in the present work except 5s^5p5d 'Pi. In the previous work this level 
seems to be satisfactory with fitted deviation 0.2 cm"' at reasonable parameter scaling. 
This level was established with an unresolved Ba VII line supported by another weak 
line. However, with the inclusion of extra configurations as mentioned above, this level 
was shifted significantly and in the least squares fitted calculations it was predicted about 
2000 cm' lower than the reported value. We found this level at 262709.2 cm"' supported 
by two strong and one weak transition. It also fitted nicely with new least squares fitted 
calculations. 
The 5s^5p6d and 5s^5p7s configurations 
Once least squares fitted parameters of 5s^5p5d and 5s^5p6s were determined, it 
was a bit easier to find sixteen new levels of 5s^5p6d and 5s^5p7s configurations with the 
same parameter's scaling as obtained for 5s^5p5d and 5s^5p6s configurations. We should 
point out that these levels are mostly established by the transitions from newly found 
5s^5p6p levels as transitions from ground configuration were predicted weak and they 
fall below 250 A where the reflectivity of normal incidence spectrograph is not good. We 
could find only strong predicted transitions from ground configuration. These transitions 
are picked up from the grazing incidence plates, which we received from Late Prof Y. 
N. Joshi. Apart from these configurations we would like to point out that at this stage, we 
were able to establish the unknown F^4 level of 5s^5p5d configuration with the help of 
transitions from 5s^5p6p ^D^ level. This new found level was also well supported by 
Other transitions from 5s 5p4f levels as well. 
Out of 42 levels of 5s5p\ 5s^5p5d, 5s^5p6s, 5s^5p6d and 5s^5p7s configurations 
35 levels have their leading components greater than 50% hence named on their leading 
LS components. Out of remaining seven levels, two levels D2 and 'D2 of 5s 5p5d 
configuration have been named on their second highest LS component and the other five 
on their highest component. 
In the final least square fit calculations we include 5s5p\ 5s^5p5d, 5s^5p6d, 
5s^5p7d, 5s^5p6s, 5s^5p7s, 5s^5p8s, 5s5p^4f 5s^5d4f 5s5p^6p, 5p^5d and 5p^6s 
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configurations. We found reasonably good agreement with theoretical calculations. The 
standard deviations for odd parity configurations were found to be 239 cm . 
7.3.2.2. Even Parity Configurations 
The 5s^5p4f configuration 
The study of the transitions between the excited configurations is somewhat 
difficult if any of the level from lower configuration is incorrect. Therefore, this is a true 
test and highly desirable to verify the earlier analysis by studying the further excitation 
from the low lying excited configurations. The ab initio scaling of the energy parameters 
for these configurations (5s^5p4f and 5s^5p6p) were derived from the earlier work in the 
Sn I isoeloctronic sequence [64-72]. The predicted transitions were sufficiently strong, 
however, a few transitions of this array fall outside our wavelength region of 
investigation but most of them do lie in our region. We were successful to identify all the 
twelve levels of 5s^5p4f configuration. Most of the levels of this configuration can be 
assigned LS designation of their leading components unambiguously except F^  at 
170268.1 cm"' which is the second largest component. The levels are also fitting nicely in 
the least squares fitted (LSF) calculations. 
The 5s^5p6p configuration 
This configuration arises from the excitation of 5s^5p5d and 5s"5p6s 
configurations. This array [5s 5p5d+5s 5p6s - 5s 5p6p] was also found to be reasonably 
strong on our plates and we were successful to establish all the ten levels of this 
configuration as well. It is interesting to note that four levels belonging to J=l, nameK 
^Di, ^Pi, ^Si and 'Pi are strongly mixed with each other. However, ^D| and S^i are still 
unambiguous and can be assigned LS designations as their leading components but P^i 
and 'Pi are difficult to assign. The level at 347815.7 cm"' represents 42% ^P| and 15% 'Pi 
and the other level at 362940.7 cm"' also represents 46% ^?^ and 31% 'Pi. We, therefore, 
designate first one as ^Pi and second one as 'Pi respectively. Similarly all three J=2 levels 
( D2, P2 and D2) are also mixed heavily but LS designations can be assigned 
unambiguously as their leading components. The leading percentage of the level at 
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349602.4 cm' is 38% D^a and that at 365664.1 cm-' as 45% ^ ?2 and finally at 374146.4 
cm' as 59% 'D2. We noticed significant mixing of 5s^5p6p ^Di with 5s^ 4f^  'D2 (30%) 
and 5p6p 'So with 5s^ 4f^  'So(26%). 
The 5s5p^5d +5s5p^6s + Sp" + 5s^5p5f configurations 
The outer excitation from the 5s^5p5d and 5s^5p6s configurations leads to 5pnp 
and 5pnf configurations while that of 5s5p^ a very complex structure like 5s5p^ (5d+6s). 
The internal excitation of 5s5p^ gives rise to 5p'* configuration. These even parity 
configurations 5s5p^ (5d+6s) + Sp"* are overlapping with 5s^5p5f, and 5s^5p7p, and are 
strongly mixed. Therefore, these configurations were considered together. We found 
levels of 5s^5p5f configuration satisfactorily; however, transitions from 5s^5p7p to 
5s"'5p5d and 5s 5p6s were too weak and could not be found. The transition array [5s5p + 
5s^5p5d+ 5s^5p6s] - [5s5p^ (5d+6s) + 5p''] were predicted with moderate intensity; 
therefore, we also tried to identify the prominent transitions from these configurations. 
Out of possible seventy two levels of 5s5p^ (5d+6s) configurations, we were able to 
establish thirty six levels with safisfacfion. All five levels of 5p'' configuration were 
found. These levels are fitting nicely with expected parameters' scaling; therefore, we 
have included them in our final least squares fit (LSF). Among these configurations, 
mixing is strong so it was difficult to assign LS designation without ambiguity. However, 
we have tried to retain LS designation whatever was possible. Out of fifty three 
established levels of these configurations, we could assign LS designation to forty six 
levels as their leading components, six levels have been named as their second highest 
components and one level as its third highest component. 
5s^5p^ 5s^5p (4f + 5f), 5s^5p (6p + 7p), 5p^ 5s5p^ (5d + 6s), 5s^5d^ 5p^4f, 5p^6p, 
5s^6s ,^ 5s^ 4f^  and 5s^6s6d configurations were included in final fit. We found reasonably 
good agreement with theoretical calculations. The standard deviations for even parity 
configurations were found to be 328 cm" . 
All the identified lines of this spectrum are given in Table 7.1 along with their 
calculated transition probabilities and log gf values for each transition obtained by using 
least square fitted energy parameters. The least square fitted energy levels of even and 
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odd parity along with their LS percentage composition are given in Table 7.2. The 
corresponding fitted energy parameters along with their scaling factors (LSF/HFR) are 
given in Table 7.3. 
In Figure 7.5 we have given energy level diagram of Ba VII. This diagram depicts 





IP = 694000 cm 
1 ' I 
Fig. 7.5 Energy level diagram of Ba VII. Energy levels and transitions shown in black 
colour are analyzed by Tauheed and Joshi [49] and that shown in red and blue colour are 
studied in the present work while that in cyan colour are not studied. 
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^Intensity figures are visual estimate of photographic blackening. 
'° comment. 
'^ In log (gf), f represents the oscillator strength and g the statistical weight 2JL+1 of the lower level 
'' In gA, A represents the transition probability and g the statistical weight 2Jtj+l of the upper level. 
^Transition probabilities (gA) obtained by Cowan's code. 
"^  Observed wavelength value - Ritz value. 
D - Doubly classified because of peculiar variation in their intensity on the spectral tracks. 
sp^ represent 5s5p^ configuration. 
sp^d represent 5s5p^5d configuration. 
sp^s represent 5s5p^6s configuration. 
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Table 7.2 Calculated and observed energy level values (in cm ') of 
Ba VII and percentage LS composition 
J E(obs) E(LSF) diff. 
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+ 16%5s^5p5f¥ 
+ 5% 5s 5p^ 5d (('S)^S)^D 
+ 21%5s^5p5f^F 
+ l l%5s5p^5d( (WP) 'D 
+ 8%5p'4f (^ P)^ D 
+ 9%5s5p^6s(('D)^D)^D 
+ 7%> 5s 5p^ 5d ((^P)¥)^D 
+ 6%5s^5d- ¥ 
+ 20%5s^5p5f'D 
+ 5%5s^5p5f'D 
+ 9% 5s 5p^ 5d ( ( ¥ / P ) ' D 
+ 1 3 % 5 S 5 P ^ 6 S ( ( ' D / D ) ' D 
+ 4%, 5s 5p^ 6S ( ( ^ P / P ) ' P 
+ 20%o5pMf ( W D 
+ 8%5pMf ( V F 
+ 10%5s5p^5d(( 'D)WF 
+ 22%>5pMf (^ D)^ D 
+ 8% 5s 5p^ 6s (('Df D ) ' D 
+ 12%5s5p^6s((^P)''P)^P 
+ 5%5p'4f ( W F 































































(^ D)^ D 
(^ D)^ P 
^P 
3p 






( ¥ ) ' D 
5s^ 5p 7p ^D 
5s^ 5p 7p ^P 
5pMf 
5pMf 






( ¥ ) ' D 
CPfF 
5s^ 5p 7p ' D 
5s^ 5p 7p ^P 
5s^ 5p 7p ¥ 
5s 5p^ 6s ((^P)¥)^P 
5s^ 5d 6s ^ D 

























+ 24%5s^5d^ 'D 
+ 10%5p^4f (^ D)-T 
+ 18%5pMf (-D)-D 
+ 4% 5p^ 4f C 'S /F 
+ 9%5s5p^5d(('DrD)-T 
+ 6%5p'4f (-D)'I) 
+ 21%5p'4f (-D)'O 
+ 7%5s'5d- 'P 
+ 9%5pMf ( ^ P / D 
+ 6%5p'4f ( " S / F 
+ 26% 5s^ 5p 7p 'D 
+ 5%5s5p^6s((^P)'P)'P 
+ 16%5p'4f ( W P 
+ 5%5p^4f (^ D)^ D 
+ l l%5s '5p7p^D 
+ 12%5pMf (^D) 'D 
+ 5%5p^4f ( V F 
+ 35% 5s^ 5p 7p ' D 
+ 32% 5s^ 5p 7p 'D 
+ 7%5s5p-6s(('D)-D) D 
+ 6%5s5p^6s(('D)-D) D 
+ 17%5p^6p ( 'S/P 
+ 7%5p^6p (^ P)^ P 
+ 25% 5p^ 6p (''S)'P 
+ 10%5p'6p (^P)'D 
+ 21%5p'6p (^D) 'D 
+ 7%5p^6p (^P)'D 
+ 17%5p^6p ( W F 
+ 9% 5p' 6p CS)'? 
+ 18%5p^6p CDYD 
+ 7%5p^6p (^P)'P 
+ 19%5p-^6p (^D^P 
3 152396.6 152221.0 175.6 
156150.5 156121.0 29.5 
170268.1 170587.0 -318.9 
57% 5s^5p4f^G 
+ 5% 5s^5p4f^F 
48% 5s^5p4f¥ 







Table 7.2 Continued 


































29% 5s '5p4f 'F 
71% 5s '5p4f 'D 
11% 5s^5p4f'F 
65% 5s5p^5d(eP/P/F 
42% 5s5p'5d((¥) 'P) 'D 
12% 5 s 5 p ' 5 d ( ( ¥ / P y P 
97% 5 S W ( ' F ) ' F 
37% 5s5p'5d(( 'P/P) 'P 
24% 5 s 5 p ' 5 d ( ( ' D ) W F 
39% 5s5p'5d(CP)'P)'P 
16% 5s5p^5d((^P/PyF 
52% 5 s 5 p ' 5 d ( ( ' D ) V G 
8% 5s5p '5d( (WP) 'F 
36% 5s5p'5d(('P)'P)'D 
+ 16%5s'5p4f 'F 
+ 26%5s5p'5d(( 'P/P) 'D 
+ 29%5s5p '5d( (WP) 'F 
+ 9% 5s 5p' 5d ( ( ' D ) ' D ) ' F 
+ I%5s5p'd ('D)'F 
+ 29% 5s 5p' 5d (('P)'P)'F 
+ 27% 5s 5p' 5d ( (¥ )V /D 
+ 7% 5s 5p' 5d (('Df D)¥ 
+ 21%5s5p '5d ( ( 'D)WF 
+ 8%5s5p'5d(CP)'P)'D 
+ 19%5s5p'5d(('DyDyG 
10% 5s 5p^ 5d {{'?f?P + 9% 5s^ 5p 6p D 
72% 5s^  5p 6p ' D 
lr->\2r^\3r + 5% 5s5p'5d(( 'DrDyD 
lr\\2rv\li 30% 5s5p'5d(( 'DfD)'F 
+ 14% 5s^  5p 6p ' D 
47% 5 s 5 p ' 5 d ( ( ' D ) W D 
+ 11% 5s5p '5d ( ( 'D)WF 
34% 5s5p'5d(CP)'P)'F 
+ 11% 5s5p '5d(( 'P/PyD 
26% 5s5p '5d( (WP) 'D 
+ 15% 5s5p^5d(('D)^D)'F 
54% 5s 5p' 5d (('S)'syD 
+ 8% 5s5p '5d( (WP) 'D 
47% 5s5p '5d( ( 'P)WD 
+ 10% 5s5p'5d(CP)'PyF 
38% 5s '5p5f 'G 
+ 9% 5s5p'5d(( 'S) 'syD 
34% 5s '5p5f 'F 
15% 5s '5p5f 'D 
31% 5s '5p5f 'G 
16% 5s '5p5f 'D 
87% 5s5p^6s(eP/P/P 
26% 5s '5p5f 'D 
+ 5% 5s 5p' 5d ((^P/P)'D 
+ 5% 5s 5p' 5d (('D)'DyF 
+ 19%5s5p '5d( ( 'D)WF 
+ 13%5s5p '5d( ( 'D)WG 
+ 12%5s5p^5d(('P)'P)'F 
+ l l % 5 s 5 p ' 5 d ( ( ' P / P f F 
+ 14%5s5p'5d(('S)'S)'D 
+ 8%5s '5p5f 'F 
+ 16%5s5p '5d( ( 'D)WD 
+ 12%5s5p^5d(('P/PyF 
/3n\2D\3t 
+ 17% 5pMf ( V F 
49% 5p'4f C^fV 
+ 7% 5s '5p5f 'D 
29% 5pMf CsfV 
+ ll%5s5p'5d((^P)^PyF 
+ 8%5s '5p5f 'F 
+ 12%5s-5p5f'D 
+ 7%5s5p '5d ( ( 'D )WD 
+ 30%5s '5p5f 'F 
+ 16%5s'5p5f 'F 
+ 12%5s'5p5f 'G 
+ 29%5s5p'5d(('P)'P)'F 
+ 8% 5s 5p' 5d ( ( ' D / D ) ' F 
+ 12%5s5p '6s ( ( 'D)WD 
+ 24%5s '5p5f 'F 
+ 6% 5s' 5p 5f'G 
+ 8%5s '5p5f 'F 
+ 6% 5p' 4f ( 'Oyc 
+ 12%5pMf ( V F 



























































































(^ D)^ D 
(^ P)^ D 
5s 5p^ 6s (('D)^DyD 
5s^ 5d 6s ^ D 


























5s^ 5p 7p ^D 













(^ D)^ D 
CofF 
+ l l%5p' '4f ('D)G 












+ 26%) 5p^ 4f 
+ 16%5p^4f 
+ 6%5pMf 
+ 27% 5p' 4f 
+ 5%5pMf 
+ 27% 5p^ 4f 
+ 10%5pMf 

















+ 4% 5p^ 6p 
+ 16%5p^6p 
+ 8%5p'6p 




(^ D)^ D 
(^ P)^ D 
( ' D ) ' F 





















77% 5s 5p^ 5d ( ( ^ P / P / F 
99% 5s^ 4f^  (^ H) ^ H 
55% 5s 5p^ 5d ((^P) '*P/D 
+ 42%5s^5p4f'F 
+ 47%5s'5p4f 'G 
+ 6%5s-5p4f^G 
+ 21%5s5p-5d((^P)VfD 
+ 1 % 5 S W ( ' G ) ' G 
+ 17%5s5p^5d(('D)2DpF 























































































































5s 5p^ 5d ((¥)*P)¥ 
5 S V ( ' G ) ' G 
5s^ 4f^  (^ F) ^ F 
5s 5p^ 5d ( ( 'P /P)¥ 
5s 5p^ 5d ( ( ' P / P ) ' D 
5s 5p^ 5d ( ( 'D)^D) 'G 
5s 5p^ 5d ((^PyP)'F 
5s 5p^ 5d (('DyD)'G 
5s 5p^ 5d ( ( ¥ ) ^ P ) ' F 
5s 5p^ 5d ( ( ^ / P ^ F 
5s 5p^ 5d ( ( 'D)^D) 'G 
5s 5p^ 5d ((^P)^PyF 
5s5p^5d(('D)^D)'G 
5s^5p5f'G 










5pMf (^ P)^ G 





5pMf ( ^ F 







5s^ 5p 4f ^ G 
+ 8% 5s 5p^ 5d ((^P)''P)^F 
+ 1 5 % , 5 s W ( ¥ ) ¥ 
+ 15%5s^4f^('G)'G 
+ 23% 5s 5p^ 5d (('Df D)¥ 
+ 9% 5s 5p^ 5d ( ( 'D)^D) 'G 
+ 5%5s5p^5d(('D)^D)¥ 
+ 21%5s5p^5d(( 'D)WF 
+ 5% 5s^ 5d^ 'G 
+ 23%, 5s 5p^ 5d ( ( ' D / D ) ^ F 
+ 21%5s^5p5f^F 
+ 34% 5s^ 5p 5f ^ G 
+ 12%5s^5p5f¥ 
+ 26%5s^5p5f¥ 
+ 9% 5s^ 5d^ 'G 
+ 33%5s^5p5f'F 
+ 5%5s^5d^ 'F 
+ 9% 5p^ 4f (^P)^G 
+ 5%,5pMf CDfC 
+ 13%5p'4f ( ^ D / H 
+ 9% 5p^ 4f (2p)'G 
+ 15%5pMf CsfF 
+ 5%5pMf (^P)'G 
+ 27%,5pMf (^D)¥ 
+ 4% 5p^ 4f (^ P)^ G 
+ 15%o5pMf CufU 
+ l l%5p '4 f (^D)'G 
+ 7%5pMf CofG 
+ 20%,5s^5d^ 'G 
+ 14%,5pMf (^D)'G 
+ 6% 5s 5p^ 5d ( ( 'D)^D) 'G 
+ 36%5p^4f CPff 















































5s^ 4f^  (^H) ^ H 
5s 5p^ 5d ( ( ^ / P / F 
5s 5p^ 5d ( ( 'Dyo/G 
5s^5p5f^G 
5pMf ( V F 
5pMf (^D^H 
5pMf (^D)'H 
5p^4f (^ D)^ G 
SpUf (^D) 'H 
5pMf (^D) 'H 
5s^ 4f^  (^ H) ^ H 
5s^4f^(ll)ll 
5p^4f (^D) ' H 
+ 8%5s5p^5d(('D)'DyG 
+ 8%5s5p^5d(('P)V)'F 
+ 13%5p^4f (-P)'(i 
+ 17%5pMf {-DfG 
+ 13%5pMf (-p/(i 
+ 12%5p^4f (-DfU 
+ 34%5pMf ( ' D ) ' H 























































































5s 5p^  C?f? 
5s^ 5p 5d 'P 
5s 5p^ 4f ( ^ F > / D 




5s^ 5p 6d ¥ 
5s 5p^ 6p ((^P) ' 'P) 'D 
5s 5p^ 6p ((¥)••?)¥ 
5s^ 5p 7s ¥ 
5s 5p^ 6p ((^P)''P)^P 
5p^5d ( ' S ) ' D 




5s 5p^ 6p (('D)2DyP 
5s 5p^ 6p (('S)^SyP 
5p' 5d (^ D)^ P 
5s5p^6p((^P)^P)'S 
5s 5p^ 6p (('S)^S)^P 
5p^5d (^D^P 
5s^ 5p 8s 'P 
5s^ 5p 7d 'P 
+ 6% 5s^  5p 5d ¥ 
+ 6%5s5p' (^P)'P 
+ 8%5s'5d4f 'P 
+ 7%5s5pMf(T, 'D)T 
+ 8%5s^5p7s^P 
+ 5%5s5p^6p(( 's /S)T 
+ 8%5s5p^6p(('P)''P)'D 
+ 8%5s5p'6p(('P)''P)*D 
+ 10% 5p^ 5d (^ P)^ P 
+ 23%5s5p^6p(C''pyP)'S 
+ 12%5s5p^6p(('S)*S) P 
+ 23%5s5p^6p(('D)D)''P 
+ 32%5s5p^6p(('P)^P)'P 
+ 6%5s5p^6p((¥)-P) S 
+ 22% 5p' 5d ('P)'P 
+ 7%5p-'5d (^D)'S 
+ 23%5s5p^6p((^P)^P)'S 
+ 8% 5s' 5p 7d V 
+ 25%5s5p^6p((^P)'P)'S 



































































































































5s 5p^ 6p iCpfpfP 
5s^ 5p 7d 'P 
5s 5p^ 6p (('S)^S/P 
5p' 5d C?fP 
5p^ 6s (^P)¥ 
5s 5p^ (^D^D 
5s^ 5p 5d ' D 
5s 5p^ (^P)'P 
5s 5p^ C^fS 
5s 5p^ (^ S)^ S 
5s 5p' (^ P)^ P 
5s 5p' (¥) 'P 
5s^ 5p 5d 'P 
5s^  5p 5d ^D 
5s^ 5p 5d 'P 
5s^ 5p 5d P^ 
5s 5p' ( ¥ / P 
5s^ 5p 5d 'P 
5s^ 5p 5d ^D 
5s 5pMf (^F,^P)'F 
5s 5pMf ( ' F / P ) ' D 
5s 5pMf ( ¥ / P ) ' D 
5s 5pMf ( ' F / P / D 
5s 5pMf ( ^ F / P ) ' F 
5s^ 5p 6s ¥ 
5s 5pMf ( ¥ , ' D ) ^ D 
5s^ 5p 6s 'P 
5s 5pMf (¥, 'DyP 
5s^5d4f^P 
5s5pMf('F,'D)'P 
5s 5pMf f F , ' P ) ' D 





5s^ 5p 6d 'D 
5s^ 5p 6d 'P 
5s^  5p 6d ^ P 
5s 5p' 6p (CPfPfD 
+ 4% 5s 5p^ 6p (('D)^DyP 
+ 31%5s5p^6p((WP)^P 
+ 6% 5s 5p^ 6p ((^P)^P)'S 
+ 33%5p^5d ( ^ P 
+ 15%5s5p^ i^PfP 
+ 4% 5s 5p' (^P)'P 
+ 15%5s5p^ (^D^D 
+ 5% 5s^ 5p 5d ¥ 
+ 28% 5s 5p^ (¥) 'P 
+ 26%5s5p' ( V S 
+ 5%5s^5p5d^P 
+ 16%5s^5p5d¥ 
+ 5% 5s 5p' (¥) 'P 
+ 20% 5s^ 5p 5d ^ D 
+ 7%5s5p^ (¥)"P 
+ 4 1 % 5 s 5 p M f ( V p / D 
+ 34%5s5p^4f(^F,'p/F 
+ 28%5s5pMf(¥/P) 'D 
+ 25% 5s^ 5p 6s 'P 
+ 6%5s^5d4f^D 
+ 25% 5s^ 5p 6s P^ 
+ 9%5s5p^4f('F,'D)'P 






+ 20% 5s^ 5p 6d 'P 
+ 27% 5s^ 5p 6d 'D 
+ 18%5s5p^6p(('P)'PyS 
The Spectrum of ba VII 
183 
, „ , , . , ^ ''°^° 5s-5p^6p((V)V/p +9%5s5p^6p(CV)'P)'P 
457,76.3 457445.0 -268.7 640. 5s^ 5p 6d-P . ,2o. 5s^ S p , ' V 
+ 9% 5s^5p7s^P + 8%5s^5D6d^D 
+ 9% 5s '5p6d 'p 
- 465469.0 - 410/0 5s 5p^ 6p ( ( ^ P / p ^ + 4,o/o 5s 5p^6p ((VPr^D 
+ 8% 5s5p2 6p((3p/p/p 
470773.0 - 540/0 5s 5p^ 6p ((^P/P)^D + 290/0 5s 5p^ 6p ((^PrP)V 
+ 80/0 5s 5p2 6p ((^P)^)^? 
- 477677.0 - 470/0 5 s 5 p ^ 6 p ( ( ^ P ) V / p + 28o/o 5s 5p^ 6p ((3p)VrD 
+ 190/0 5s5p2 6p((3p)V)^S 
48,232.3 48,269.0 -36.7 690/0 5s^ 5p 7 s ' P . 30o/o 5s^ 5p 7s ^P 
- 491,65.0 - 670/0 5s5p^6p((3p)V)3p . ,30/0 5s 5p^6p ((^P.V.^S 
+ 60/0 5s5p '6p(( 'D)2D)^D 
496526.0 - SQO/„ c_,3 , . .4cN5r^  
89/0 5p 5d ( S / D +7o/o5p^5d ('p^p 
68/0 5s 5p^ 6p (CDfDfD + 1,0/0 5s 5p-' 6p ( ( 'D)^D) 'P 
50/0 5s 5p^ 6p ((^P)2p)3D 
507423.0 
5139,6.0 . 420/0 5p^5d ( ^ D .4,o/o5p35d (^0)^0 
+ 40/0 5p^5d (^pyp 
5,7596.0 
5,82,3.0 
525527.0 - 220/0 
270/0 5 s 5 p ^ 6 p ( ( ' D W p +230/0 5s 5p^6p(CD)^D.'P 
120/0 5s5p^6p(( 'D)WD +7o/o5s5p^6p(('S)-^S)'P 
320/0 5s5p^6p(('D)^D)^P +2]o/o 5s 5p^ 6p (fPyP) D 
170/0 5s 5p^ 6p (CsfsfP + 50/0 5s 5p^ 6p (epfpys 
5p^5d euyp +200/0 5s 5p^6p(('DyD)'P 
526300 0 ' "" '" ''^'' ^' '^^° - 8 % 5 s 5 p ^ 6 p ( C D ) W P 
526300.0 - 2,0/0 5s5p^6p(('D)^D)'P .,9o/o5p^5d (^D)'P 
531034.0 . 200/0 5s5p^6p((3p)^P)3p .2O0/0 5s 5p^6p (('S)^SrP 
5322,3 0 ' ''""" 5sV6p((.D)^0)^P . ,20/0 5s 5p^6p ((^P)-'P) S 
532213.0 - 270/0 5s^5p7d3D + I90/0 5s 5p^6p ( ^ ^ 0 
536487 0 ' ""'" ' ^ ^ ' ' ' ' • ' -8o /o5s^5p7d> 
536487.0 . 270/0 5p3 5d (^D)'P .2,o/o5p^5d (^ D)^ D 
37/0 5s 5p8s^P + 270/0 5p3 5d ( V P 
+ I80/0 5s '5p8s 'P 
543130.0 - 970/ c 2^ o 3„ 
27/0 5s 5p8s^P + 230/0 5p^5d ('ofp 
543636.0 . ' LT ; ' t ^ ' . 3 ^---P^^P«'S)^SrP 
16/0 5s5p^6p(('S)2s/p +i6o/o5p3 5d ^2^yp 
546922.0 . ' r r r ; f 5 ? { ^ -3o/o5s^5p7d3p 
48/0 5s 5p^ 6p ((3p)^p)3s + i4o/„ 5^ ,^2 ^^ ^^.^^.^^.p 
+ 100/0 5s 5p^ 6p ((3pyp)3p + 9o/„ 53 5p2 ,p ((3p^.p^,p 






































































































































5s 5p^ 6p (('S)'S)'P 
5s^5p 7d^P 
5s5p^6p(('S)^S)'P 





5s 5p^ 6p (CPfPfP 
5s^ 5p 8s 'P 
































( ' D ) ' D 
5s^ 5p 5d ' D 
5s^ 5p 5d ¥ 
5s' 5p 5d 'P 
5s' 5p 5d ' D 
5s' 5p 5d ^ D 
5s 5p' ( ' D ) ' D 
5s' 5p 5d ¥ 
5s' 5p 5d 'D 
5s5pMf(^F/P)^G 
5s5p'4f( 'F, 'syF 
+ 18%5s5p'6p(('S)'S)'P 
+ n%5s5p '6p ( (WP)^P 
+ 25% 5p' 5d ( ' D ) ' S 
+ 11% 5p^ 5d ( ' D ) ' P 
+ 27% 5s' 5p 7d 'P 
+ 8% 5s 5p' 6p ((^Pf P/S 
+ 29%. 5s 5p' 6p ((^P)'pyP 
+ l l%5s5p '6p( ( 'S ) ' syp 
+ l l % 5 s ' 5 p 8 s ' P 
+ 7% 5s' 5p 7d 'P 
+ 24%5p'5d Cpfp 
+ 5% 5p' 5d ('D)'P 
+ 23% 5s' 5p 8s ^ P 
+ 25% 5p^ 5d (''8)^0 
+ 12% 5p^ 5d ( 'D)^D 
+ 14% 5p^ 6s ( ' D ^ D 
+ 8% 5p^ 6s ( 'P)^P 
+ 9%, 5p^ 5d ( ' S ) ' D 
+ 4%, 5p^ 5d ( ' D ) ' P 
+ 26% 5p^ 6s ("S/S 
+ 23% 5p^ 6s ( ' P ) ' P 
+ 17%5p^6s ( 'D)^D 
+ 8%5p^6s ( V S 
+ 9% 5s 5p' ('P)^P 
+ 15%5s5p^ ('P)'P 
+ 5%5s'5p5d^D 
+ 27% 5s 5p^ ( ' D ) ' D 
+ 8% 5S ' 5p 5d 'D 
+ 29%. 5s 5p^ ('P)^P 
+ 4%, 5s' 5p 5d ^ F 
+ 8%,5s5p' ( ' D ) ' D 
+ 22%, 5s' 5p 5d ' D 
+ 10%.5s5p' ( ' D ) ' D 
+ 37% 5s' 5p 5d ' D 
+ 7% 5s' 5p 5d ¥ 
+ 26% 5s' 5p 5d ' D 
+ 5%5s5p' ('P)'P 
+ 6%>5s5p'4f(^F>fF 









































































































5s 5pMf (¥/P)^D 
5 s 5 p ' 4 f ( ¥ > ) ' G 
5s 5pMf ( ^ F / P ) ' D 
p^ (¥/P)^D 
5s 5pMf ( ¥ , ^ P / F 
5s 5p^ 4fCF,^PfD 
5s5p^4f('F,^P)¥ 
5s 5pMf ( ¥ , ' D ) ¥ 
5s 5pMf ( ^ F , ' D ) ¥ 
5 s 5 p M f ( ' F > / D 
5s 5pMf ( ^ F , ' D / D 
5s^ 5p 6s ^ P 
5s5p^4f('F,'D)'D 
5s 5p^ 4f ( ¥ , ^ P ) ' D 
5s5p^4f(^F,'DyP 
5s5p^4f( 'F/pyD 














5s^ 5p 6d ^F 
5s^ 5p 6d ^ D 
5s^ 5p 6d 'D 
5s^ 5p 6d 'D 
5s^ 5p 6d ¥ 
5s^ 5p 6d ¥ 
5s^ 5p 6d ' D 
5s 5p^ 6p ((^P) ' 'P) 'D 
5s 5p' 6p ((^P)''P)^S 
5s 5p^ 6p ((^P)''P)^S 
5s 5p^ 6p ((¥)'P)'P 
+ 28%5s5p^4f(^F,'P)-F 
+ 5%5s5p-4f(¥. 'P) 'D 
+ 26%5s5p'4f('F, 'P)'D 
+ ll%5s5p-4f('F, 'P)-F 
+ 21%5s5p^4f('F.V)'D 
+ 7%5s5pMf('F.'P)'D 
+ 25%5s5p^4 f (¥¥ r 'F 
+ 9%5s5p'4f(^F, S) F 
+ 6%5s5p^4f('F, P) F 
+ 6%5s^5d4f^D 
+ 16%5s5pMf(¥. 'D)'P 
+ 5%5s-5d4f 'D 
+ 12%5s5p^4f('F, D)'D 
+ 5%5s-5d4f 'P 
+ 16%5s5p^4f('F, P) F 
+ 13%5s5pMf(¥, P) D 
+ 23%5s5pMf(^F/P)'D 
+ 10%5s5p^4f('F,V) D 
+ 28%5s5p^4f(^F,-pyD 
+ 5%5s5p'4frF, ' l )) 'P 
+ 16%5s5p^4f('F/P)'F 
+ 5%5s5p-4f('F,'P)'D 
+ 6%5s5p^4f(¥, 'r)) 1 
+ 8%5s5p-4f('F,'D)'[) 
+ 6%5s5pMf(T. 'Dr[) 
+ 7%5s5pMf(T,'D)'P 
+ 24%5s^5p6d'D 
+ 38% 5s' 5p 6d ¥ 
+ 5% 5s^ 5p 6d 'F 
+ 27% 5s' 5p 6d ^D 
+ 30% 5s' 5p 6d -'D 
+ 22% 5s 5p' 6p (CPypyP 
+ 5%5s5p'6p(( 'S)-srP 
+ 28% 5s 5p' 6p (('P)''P)-D 
+ ll%5s5p'6Da^P)''Py'D 




478787 0 - 42% 5s 5p^ 6p ( ( W P ) ' S + 33% 5S 5p^ 6p (eP/P)^D 
+ 9% 5s5p^6p(eP/P/P +7%5s^5p7s^P 
. « . o i 8S0/ 5s^5n7s'P + 9% 5s 5p'6p (('P/P)'D 
480397.3 480355.0 42.3 85/o 5s 5p7s P H 
41% 5s5p^6p(eP/P/P +30%5s5p^6p( (P)P)D 
+ 8% 5s5p^6p(('P/P)'P +7%5s5p^6p((^P)^P/S 
66% 5s 5p^ 6p (eP)^PyP + 9% 5s 5p^ 6p ( ( 'D)^D) 'D 
+ 7% 5s5p^6p(( 'D)WD + 6 % 5 s 5 p ^ 6 p ( ( ' D ) W P 
T>o/ sn^ 5d ("S^'D + 7% 5p' 5d (^P^D 
496026.0 - 72% 5p 5a (. sj u v 
+ 6% 5p^5d ( W F +4%5p^5d ("8)0 
5041110 - 19% 5p'5d ( ^ D +19%5p'5d ( W F 
+ 17% 5p'5d ( V D +l l%5p^5d eP)'D 
55% 5s5p^6p(( 'D)WF + 24% 5s 5p^ 6p ( ( ' D ^ ' D 
+ 5% 5 s 5 p ' 6 p ( ( ' D ) V D 
511899 0 - 72% 5s5p^6p(( 'D)WD + 8% 5s 5p^ 6p ( ( ' o foyF 
514469 0 - 39% 5s 5p^ 6p ( ( 'D/oyD + 20% 5s 5p^ 6p ( ( ' D / D / P 
+ 18% 5s5p^6p(( 'D)WF +5%5p^5d ( ^ F 
5155410 - 40% 5p'5d (^D^F +21%5p'5d ( ^ D 
+ 12% 5p^5d ( ^ D +8%5p^5d (^P^F 
522830 0 - 18% 5s 5p^ 6p (( 'DyoyP + 15% 5s 5p^ 6p ( ( ' S ) V P 
+ 14% 5s5p^6p((WPyD +10%5s^5p7d^P 
526080 0 - 32% 5s 5p^ 6p ( ( ' D ) W P + 16% 5S^ 5p 7d^P 
+ 12% 5s5p^6p(( 'D)WD +l l%5s^5p7d^D 
528063 0 - 68% 5s^5p7d'F + 12% 5s^ 5p 7 d ' D 
' . 12% 5s^5p7d>D . 6 % 5 s 5 p ^ 6 p ( ( ' D ) W F 
533876 0 - 21% 5s 5p^ 6p ((^PfPyD +18% 5s^ 5p7d 'P 
+ 17% 5s5p^6p(CsysyP +l l%5s^5p7d^D 
o w W 5 d ( W P +16%5p'5d ('P)'D 
536067.0 - 23% 5p Sd Ki')v v 
+ 15% 5p^5d e o y P +13%5p'5d ( D ) D 
470/ SnMd ( W P +25%5p'5d ('P)'D 
540029.0 - 47% 5p 5d ( U) f H 
+ 10% 5p^5d fPyP +5%5p^5d ( D ) D 
900/ 5o3 5d ( W D +15%5s5p^6p((WPyD 543872.0 - 20/o 5 p 5 a i n u 
+ 11% 5p^5d ( W D + 9 % 5 s ^ 5 p 7 d D 
i w W 5 d ( W D +13%5s '5p7d 'D 
544927 0 - ' 3 % 5p 3a ^ t^ ; ^  ^ ^ 
+ 12% 5s5p^6p((WPyD +l l%5p^5d CD) D 
-xio/ 5c2 5n 7d 'D + 27% 5s' 5p 7d 'P 
546960.0 - 32% 5s 5p /a u , , , 2 . ,,ic^2«Vp 
. , .o/„ s. 5n' 6D ((^P)'P)'D + 10% 5s 5p 6p (( S) S) P 15% 5 s 5 p ' p ( e m '  
«„„.0 - 5 ,% 3p'3d W F .2 ,%5p'5a ( D ) F 
,^5d ( W P +7%5p^5d e D ) D 
31% 5s5p '6p(ePyP/P + 30% 5s 5p'6p (( 'sysyP 
. 8% 5s'5p7d^D . 7 % 5 s 5 p ' 6 p ( ( W D 
26% 5s'5p7d^D . 1 7 % 5 s 5 p ' 6 p ( ( ' P y P / P 









































5s 5p2 6p (CpfpfD 
5s5p^6p((^P)2p)iD 
5s^ 5p 7d 'D 
5p'5d (2p)3p 
V 5 d (2D)^P 
5s^  5p 8s P^ 
V 5 d (^p^D 
V 5 d (2D)'D 
V 5 d (2D)'D 
5p'5d (2p)3D 
5p'6s ( V S 
5p' 6s (^0)^0 
V 6 s (2D) 'D 
5p'6s (2D) 'D 
5p^6s (^P)3p 

























5s 5p^ (^ D)^ D 
5s^ 5p 5d ¥ 
5s^ 5p 5d ^D 
5s^5p5d'F 







5s 5p' 4f ( 'F,^P)3G 
5s5p^4f(^F,^pyD 











_ ^ 8 7 
+ 12%5s5p'6p(r-Vr>)'D 
+ 15%5p^5d (¥)-p 
+ 9%5s5p^6p(('P)-p)-'p 
+ I7%5s5p'6p({'p)-P)'p 
+ ll%5s5p^6p(( 'PrP)iD 
+ 22% 5p' 5d 
+ 14%5p'5d 
+ 19%5p'5d 
















+ 6% 5s^ 5p 5d ' D 
+ 5% 5s2 5p 5d 'D 
+ 8% 5s- 5p 5d 'F 
+ 4% 5s 5p' (^DfD 
+ 7% 5s' 5p 5d ^D 
+ 13%5s5p'4f('F,'P)5F 
+ 5%5s5p'4frF, 'S)T 
+ 23%5s5p-4f(T.^P)5(, 
+ 9%5s5p-4f(Y/P)D 
+ 18%5s5p2 4 f f F , W D 
+ 10%5s5p2 4f(^F,^P)'G 
+ 18%5s5p '4f ( 'F>yD 
+ I5%5s5p2 4f(^F,^P)G 
+ I2%5s5p-4ffF>y^D 
+ 27%5s5p=4f(^F.'D)-G 
+ 6%5s5p2 4f('F,'D)'r 
+ 24%5s5p24f('F,'D)'F 
+ 10%5s5p2 4f('F/P)-V 
+ 9%5s5p'4f(3F,'DrG 
+ 6%5s5p'4f(^F,'S)^F 
+ 20%5s5p2 4f(3F,'D)^D 
+ 6%5s5p-4f('F,^P)3F 
+ 9%5s5p'4f('F, 'D)'F 












430999.6 430645.0 354.6 
450639.2 450466.0 173.2 









































































5s' 5p 6d 'F 
5s'5p6d'D 
















+ 25% 5s' 5p 6d ' D 




3n^tD^5I + 8%5s5p'6p(('PyPyP 
+ 28%5s5p'6p(ePyPyD 
















+ 7%5p'5d ('PyF 
+ 4%5p^5d ('Syo 
+ 24%5p'5d CsfD 
+ 9% 5p' 5d ('oyo 
+ 7% 5p' 5d ('oyP 
7%5s5p'6p(('DyDyF 
+ 17%5p'5d CDfD 
+ 8% 5p' 5d ( 'oyc 
+ 8% 5p' 5d ('oyp 
+ 7% 5s 5p' 6p (('Dyoyo 






































































































5p'5d ( W G 
5s 5p^ 6p ( ( 'D )^D ) 'F 
5s^ 5p 7d ¥ 
5s^ 5p 7d ' D 
5s^ 5p 7d ^ D 
5s^ 5p 7d ¥ 
5p^ 5d ( ¥ ) ' F 
5p^5d (^D) 'D 
5p^5d (^ D)^ D 
5p'5d (^P)'F 
5s^ 5p 7d ' F 
5s 5p^ 6p ((^P)^P) 'D 
5s^  5p 7d ' F 
5p^5d C'S) 'D 
5p^5d CpfD 
5p'5d (^P)'F 
5p^ 5d (^D)'F 
5p' 5d (^D)'F 
5p^5d C'S) 'D 
5p' 6s (^ D)^ D 
5s^  5p 5d ¥ 
5s5p^4f(^F/P)'D 
5s 5p^ 4f ( 'F,¥yF 
5s5pMf(^F>)^G 
5s 5pMf ( 'F ,^P) 'G 
5s 5pMf (^F,¥)^F 
5s 5p^ 4f (^F , 'P) 'F 










5s 5pMf (^F,'D)^H 
5s5p^4f(^F,'S)^F 
5s 5pMf ('F,^PyG 
+ 16%5p^5d (^ D) r 
+ 5%5p'5d ('D)''[) 
+ 27%5s-5p7d' l ' 
+ 34%5s5p-6p(('PrP)'D 
+ 16%5p-'5d CmO 
+ 5% 5p^ 5d (-[)) 1 
+ 23%5p^5d (^P)D 
+ 15%5p^5d ('P)'F 
+ 33%5s^5p7d'F 
+ 32%5s^5p7d^D 
+ 27%5p^5d ( 'D) F 
+ 8%5p^5d ( ' D ) ' D 
+ 29%5p'5d (^ PVD 
+ 6%5p^5d (-D)T 
+ 39%5p^5d CP)'F 
+ 6%5p^5d (''P)D 
+ 30%5s5p-4f('F. P / G 





+ 9%5s5p-4f( F, D)T 
+ 19%5s5p-4f(^F.'P)T 
+ 13%5s5p-4f('F.'D)'G 
+ 25%5s5p-4f(¥ . 'DrF 
+ 28%5s5p-4f(^F.'DrF 
+ 4%5s5p-4f(T. S)T 












5s^  5d 4f ¥ 
5s^5d4f^H 
5s^  5d 4f'G 
'D) 'H 
345964.0 - 42% 5s 5p'4f(¥, 'S) 'F + 38% 5s 5pMf ( ¥ > f G 
+ 13% 5s5p^4f('F/P)^G 
351169.0 - 69% 5s5pMf('F/P)'G + 15%5s 5p'4f(¥, 'S) 'F 
355127.0 - 58% 5s 5p'4f ( ' F / P ) ' F +23% 5S 5pMf ('F,'pfF 
+ 10% 5s5p^4f (¥>) 'G 
377739.0 - 79% 5s '5d4f 'G + 7% 5s 5p'4f ( ' F , ' D ) ' G 
+ 6% 5s^5d4f^F 
380476.0 - 79% 5s^5d4f'H + 7 % 5 s ^ 5 d 4 f ¥ 
+ 5s5p f('F/  
381663.0 - s^ d ¥ + 10% 5s ' 5d4 f 'G 
+ 5%5s'5d4f^G 
382744.0 - s ' 4f '  + 7 % 5 s ' 5 d 4 f ' F 
+ 5% 5s5p^4f(¥,'DyG 
450413.4 450534.0 -120.6 98% 5s'5p 6 d ' F 
- 483210.0 - 90% 5s 5p'6p ((¥)'*P)^D + 8% 5s 5p'6p ( ( ' D ) W F 
- 498520.0 - 83% 5p'5d ( ^ D +12%5p^5d ( 'P)¥ 
- 519104.0 - 78% 5s 5p'6p (('D)'DyF + l l%5p^5d ( ' D / F 
+ 8% 5s 5p' 6p (('P)''P)^D 
- 521067.0 - 47% 5p^ 5d ( ' D ) ' G + 23% 5p^ 5d ( 'D)^F 
+ 13% 5p'5d ( 'P)¥ +9%5p^5d ( " S / D 
- 525487.0 - 64% 5p'5d ( ' D / F +20%5p^5d ( W G 
+ 8% 5s 5p' 6p (('D)'DyF + 4% 5p^ 5d ( ' D ) ' G 
- 528719.0 - 76% 5p^ 5d ( ' D ) ' G + 20% 5p^ 5d CofG 
- 551046.0 - 98% 5s '5p7d 'F 
- 555943.0 - 69% 5p^ 5d ( ' P / F +13%5p'5d ( ' D ) ' G 
+ 11% 5p^5d ( 'D)^G +5%5p^5d ( " S / D 
- 272950.0 - 85% 5s 5p'4f ( ^ F > / G + 12% 5S 5p'4f ( ^ F , ' P / F 
- 282376.0 - 57% 5s 5p'4f ( ¥ / P ) ' F + 16% 5S 5p'4f (^F,'D)^G 
+ 9% 5s5p'4f('F,^PyG + 6%5s5p'4f(^F,^PyG 
- 291622.0 - 48% 5s 5p'4f ( ' F / P ) ^ G +24% 5S 5p'4f (¥ ,^P)^G 
+ 18% 5s5p'4f( 'F, 'pyF + 5%5s5p'4f('F, 'D)'H 
- 306287.0 - 74% 5s 5p'4f (^F,'D)^G + 11% 5s 5p'4f (^F.^P^F 
+ 7% 5s 5p' 4f (^F,'DyH + 4% 5s' 5d 4f ^ G 
- 312290.0 - 74% 5s 5p'4f (^F,'D)^H + 6% 5S 5p'4f ( ' F . ^ ^ G 
+ 6% 5s '5d4f 'H + 5%5s5p'4f('F,'D)'H 
- 320493.0 - 80% 5s 5p'4f ( ' F , ' D ) ' H + 9% 5S 5p'4f (^F, 'P) 'G 
+ 5% 5s '5d4f 'H 
- 346597.0 - 58% 5s 5p'4f ( ^ F > / G + 34% 5S 5p'4f ( ' F / P ^ G 
- 381967.0 - 90% 5s'5d4f^H + 7% 5s 5p'4f C'F,'D)^H 
- 384188.0 - 92% 5s'5d4f^G + 5% 5s 5p'4f ( ¥ , ' D ) ^ G 
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Table 7.3 LSF and HF energy parameters of Ba VII in cm '. 
configuration parameter 
Even Parity Configurations 
5s^  5p2 
5s^  5p 4f 
5s^  5p 5f 
5s^  5p 6p 
5s' 5p 7p 
5P^  
EAV(5S' 5p2) 
F\ 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
EAV(5S^ 5p 4f) 
zeta( 4f) 
zeta( 5p) 
F (^ 4f, 5p) 
G\ 4f, 5p) 
G'(4f,5p) 




G\ 5p, 5f) 
G\ 5p, 5f) 
EAV(5S' 5p 6p) 
zeta( 5p) 
zeta( 6p) 
F'( 5p, 6p) 
G°( 5p, 6p) 
G'( 5p, 6p) 
EAV(5S^ 5p 7p) 
zeta( 5p) 
zeta( 7p) 
F'( 5p, 7p) 
G\ 5p, 7p) 
G'( 5p, 7p) 
EAV(5P') 



































































































































5s 5p' 5d 
5s 5p^  6s 
5s^  Sd 6s 
2 c j 2 5s' 5d 
5pMf 
5p'6p 
EAV(5S 5p^ 5d) 




F (^ 5p, 5d) 
G'( 5s, 5p) 
G ' ( 5s, 5d) 
G ' ( 5p, 5d) 
G3( 5p, 5d) 
EAV(5S 5p^ 6s) 
F ' ( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G ' ( 5S, 5p) 
G°( 5S, 6s) 
G ' ( 5p, 6s) 
EAV(5S^ 5d 6s) 
zeta( 5d) 
G'( 5d, 6s) 
EAV(5S' 5d )^ 
F ' ( 5d, 5d) 










F ' ( 4f, 5p) 
G'(4f,5p) 

































































































































672062.6 (fixed) 671265.0 0.998 
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5s' 5p 4f-5s' 5p 5f 
5s' 5p 4f-5s' 5p 6p 




F'( 5p, 6p) 
G°( 5p, 6p) 
G'(5p,6p) 
EAv(5s'4f^ ) 
F'( 4f, 4f) 







R'( 5p, 5p; 4f, 5p) 
R'( 5p, 5p; 5p, 5f) 
R°( 5p, 5p; 5p, 6p) 
R \ 5p, 5p; 5p, 6p) 
R°(5p,5p;5p,7p) 
R'( 5p, 5p; 5p, 7p) 
R'( 5s, 5s; 5p, 5p) 
R'( 5s, 5p; 5p, 5d) 
R \ 5S, 5p; 5d, 5p) 
R°( 5s, 5s; 5s, 6s) 
R'( 5s, 5p; 5p, 6s) 
R°( 5s, 5p; 6s, 5p) 
R'( 5p, 5p; 5d, 6s) 
R'( 5p, 5p; 5d, 5d) 
R'( 5p, 5p; 5d, 5d) 
R'( 5s, 5s; 5p, 6p) 
R' ( 5p, 5p; 4f, 4f) 
R\ 5p, 5p; 4f, 4f) 
R'( 5p, 5p; 6s, 6s) 
R'( 4f, 5p; 5p, 5f) 
R'( 4f, 5p; 5p, 5f) 
R^C 4f, 5p; 5f, 5p) 
R'( 4f, 5p; 5f, 5p) 






























































































































































5s^  5p 4f-5s^ 5d^  
5s^5p4f-5pMf 







5s^ 5p 6p -5s^ 5p 7p 
5s^  5p 6p -5s 5p^ 5d 
5s^ 5p 6p -5s 5p^ 6s 
5s^  5p 6p -5s^ 5d 6s 
5s^  5p 6p -5s^ 5d^  
5s^  5p 6p -5p^ 6p 
5s^  5p 6p -5s^ 4f 
5s^  5p 6p -5s^ 6s^ 
5s^  5p 7p -5s 5p^ 5d 
R'( 4f, 5p; 6p, 5p) 
R (^ 4f, 5p; 5p, 7p) 
R\ 4f, 5p; 7p, 5p) 
R (^ 4f, 5s; 5p, 5d) 
R' ( 4f, 5s; 5d, 5p) 
R' ( 4f, 5p; 5d, 6s) 
R\ 4f, 5p; 6s, 5d) 
R'(4f, 5p;5d,5d) 
R\ 4f, 5p; 5d, 5d) 
R' ( 5s, 5s; 5p, 5p) 
R\ 4f, 5p; 4f, 4f) 
R\ 4f, 5p; 4f, 4f) 
R^( 5p, 5f; 5p, 6p) 
R\ 5p, 5f; 6p, 5p) 
R^( 5p, 5f; 5p, 7p) 
R^( 5p, 5f; 7p, 5p) 
R' ( 5s, 5f; 5p, 5d) 
R^( 5S, 5f; 5d, 5p) 
R\ 5p, 5f; 5d, 6s) 
R' ( 5p, 5f; 6s, 5d) 
R' ( 5p, 5f; 5d, 5d) 
R (^ 5p, 5f; 5d, 5d) 
R (^ 5p, 5f; 4f, 4f) 
R''( 5p, 5f; 4f, 4f) 
R°i 5p, 6p; 5p, 7p) 
R (^ 5p, 6p; 5p, 7p) 
R°{ 5p, 6p; 7p, 5p) 
R\ 5p, 6p; 7p, 5p) 
R' ( 5S, 6p; 5p, 5d) 
R (^ 5s, 6p; 5d, 5p) 
R' ( 5S, 6p; 5p, 6s) 
R°( 5s, 6p; 6s, 5p) 
R'( 5p, 6p; 5d, 6s) 
R' ( 5p, 6p; 6s, 5d) 
R'( 5p, 6p; 5d, 5d) 
R^( 5p, 6p; 5d, 5d) 
R' ( 5S, 5S; 5p, 5p) 
R\ 5p, 6p; 4f, 4f) 
R'^C 5p, 6p; 4f, 4f) 
R' ( 5p, 6p; 6s, 6s) 
R' ( 5s, 7p; 5p, 5d) 








































































































































































196 Table 7.3 Continued 
5s^ 5p 7p -5s 5p^ 6s 
5s* 5p 7p -5s^ 5d 6s 
5s^ 5p 7p -5s^ 5d^ 
5s^ 5p 7p -5s^ 41^ 
5s^ 5p 7p -5s^ 4f 
5p'' -5s 5p^ 5d 
5p -5s 5p'' 6s 
5p' -5p' 4f 
5p'' -5p'' 6p 
5p'' -5p^ 6p 
5s 5p^ 5d -5s 5p^ 6s 
5s 5p^ 5d -5s^ 5d^ 
5s 5p^ 5d -5p^ 4f 
5s 5p^ 5d -5p^ 4f 
5s 5p^ 5d -5p' 6p 
5s 5p^ 6s -5p^ 6p 
5s 5p^ 6s -5p^ 6p 
5s^ 5d 6s -5s^ 5d-





R'( 5S, 7p; 5p, 6s) 
R°( 5s, 7p; 6s, 5p) 
R'( 5p, 7p; 5d, 6s) 
R'( 5p, 7p; 6s, 5d) 
R'( 5p, 7p; 5d, 5d) 
R \ 5p, 7p; 5d, 5d) 
R'( 5p, 7p; 4f, 4f) 
R'( 5p, 7p; 4f, 4f) 
R'( 5p, 7p; 6s, 6s) 
R'( 5p, 5p; 5s, 5d) 
R'( 5p, 5p; 5s, 6s) 
R'( 5p, 5p; 4f, 5p) 
R°( 5p, 5p; 5p, 6p) 
R'( 5p, 5p; 5p, 6p) 
R'( 5p, 5d; 5p, 6s) 
R'( 5p, 5d; 6s, 5p) 
R'( 5p, 5p; 5s, 6s) 
R'( 5p, 5p; 5s, 5d) 
R \ 5S, 5d; 4f, 5p) 
R'( 5S, 5d; 5p, 4f) 
R'( 5S, 5d; 5p, 6p) 
R'( 5S, 5d; 6p, 5p) 
R'( 5p, 5p; 5s, 5d) 
R'( 5s, 6s; 5p, 6p) 
R'( 5S, 6S; 6p, 5p) 
R'( 5p, 5p; 5s, 6s) 
R'( 5d, 6s; 5d, 5d) 
R^( 5d, 6s; 4f, 4f) 
R'(5d, 5d;4f,4f) 
R'( 5d, 5d; 4f, 4f) 
R5( 5d, 5d; 4f, 4f) 
R^( 5d, 5d; 6s, 6s) 
R'( 4f, 5p; 5p, 6p) 









































































































































Odd Parity Conflgurations 
328.0 
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G'( 5s, 5p) 61016.8 275.0 83341. 0.73: 
5s^  5p 5d 
5s^  5p 6d 
5s' 5p 7d 
5s 5p 6s 
5s 5p 7s 
5s' 5p 8s 
5p'5d 
EAV(5S' 5p 5d) 
zeta( 5p) 
zeta( 5d) 
F'( 5p, 5d) 
G'( 5p, 5d) 
G3( 5p, 5d) 
EAV(5S' 5p 6d) 
zeta( 5p) 
zeta( 6d) 
F'( 5p, 6d) 
G'( 5p, 6d) 
G3( 5p, 6d) 
EAV(5S^ 5p 7d) 
zeta( 5p) 
zeta( 7d) 
F'( 5p, 7d) 
G'( 5p, 7d) 
G3( 5p, 7d) 
EAV(5S^ 5p 6s) 
zeta( 5p) 
G'( 5p, 6s) 
EAV(5S^ 5p 7s) 
zeta( 5p) 
G'( 5p, 7s) 
EAV(5S^ 5p 8s) 
zeta( 5p) 






F'( 5p, 5d) 







































































































































198 Table 7.3 Continued 
G3( 5p, 5d) 31060.6 (fixed) 41414.2 0.750 
5p'6s 
4f5s5p^ 
5s 5p 6p 
4f5s'5d 
5s 5p -5s" 5p 5d 
5s 5p' -5s- 5p 6d 
5s 5p' -5s^ 5p 7d 
5s 5p' -5s^ 5p 6s 
EAV(5P 6S) 
F'( 5p, 5p) 
alfa( 5p) 
zeta( 5p) 
G'( 5p, 6s) 
EAv(4f5s5p') 




F'( 4f, 5p) 
G3( 4f, 5s) 
G'( 4f, 5p) 
G\ 4f, 5p) 
G'( 5s, 5p) 
EAV(5S 5p^ 6p) 




F'( 5p, 6p) 
G'( 5s, 5p) 
G'(5s,6p) 
G°( 5p, 6p) 




F'( 4f, 5d) 
F4( 4f, 5d) 
G'( 4f, 5d) 
G3( 4f, 5d) 
G5( 4f, 5d) 
R'( 5p, 5p; 5s, 5d) 
R'( 5p, 5p; 5s, 6d) 
R'( 5p, 5p; 5s, 7d) 















































































































































The Spectrum of Ba VII 199 
5s 5p' -5s^ 5p 7s 
5s 5p^  -5s^ 5p 8s 
5s 5p^  -5p^ 5d 
5s 5p^  -5p^ 6s 
5s 5p^ -4f 5s 5p^ 
5s 5p^ -5s 5p^ 6p 
5s^  5p 5d -5s^ 5p 6d 
5s^  5p 5d -5s^ 5p 7d 
5s^  5p 5d -5s^ 5p 6s 
5s^  5p 5d -5s^ 5p 7s 
5s^  5p 5d -5s^ 5p 8s 
5s^  5p 5d -5p' 5d 
5s^5p5d-4f5s5p^ 
5s^  5p 5d -5s 5p^ 6p 
5s^5p5d-4f5s^5d 
5s^  5p 6d -5s^ 5p 7d 
5s^  5p 6d -5s^ 5p 6s 
5s^  5p 6d -5s^ 5p 7s 
R' ( 5p, 5p; 5s, 7s) 
R' ( 5p, 5p; 5s, 8s) 
R' ( 5S, 5p; 5p, 5d) 
R (^ 5s, 5p; 5d, 5p) 
R' ( 5S, 5p; 5p, 6s) 
R°( 5s, 5p; 6s, 5p) 
R' ( 5p, 5p; 4f, 5p) 
R°( 5s, 5p; 5s, 6p) 
R' ( 5S, 5p; 6p, 5s) 
R°( 5p, 5p; 5p, 6p) 
R (^ 5p, 5p; 5p, 6p) 
R°( 5p, 5d; 5p, 6d) 
R (^ 5p, 5d; 5p, 6d) 
R' ( 5p, 5d; 6d, 5p) 
R (^ 5p, 5d; 6d, 5p) 
R\ 5p, 5d; 5p, 7d) 
R (^ 5p, 5d; 5p, 7d) 
R' ( 5p, 5d; 7d, 5p) 
R\ 5p, 5d; 7d, 5p) 
R^( 5p, 5d; 5p, 6s) 
R' ( 5p, 5d; 6s, 5p) 
R-( 5p, 5d; 5p, 7s) 
R' ( 5p, 5d; 7s, 5p) 
R (^ 5p, 5d; 5p, 8s) 
R' ( 5p, 5d; 8s, 5p) 
R' ( 5S, 5S; 5p, 5p) 
R (^ 5s, 5d; 4f, 5p) 
R' ( 5s, 5d; 5p, 4f) 
R' ( 5S, 5d; 5p, 6p) 
R' ( 5S, 5d; 6p, 5p) 
R\ 5p, 5d; 4f, 5d) 
R\ 5p, 5d; 4f, 5d) 
R' ( 5p, 5d; 5d, 4f) 
R\ 5p, 5d; 5d, 4f) 
R\ 5p, 6d; 5p, 7d) 
R\ 5p, 6d; 5p, 7d) 
R' ( 5p, 6d; 7d, 5p) 
R\ 5p, 6d; 7d, 5p) 
R\ 5p, 6d; 5p, 6s) 
R' ( 5p, 6d; 6s, 5p) 
R (^ 5p, 6d; 5p, 7s) 








































































































































































200 Table 7.3 Continued 
5s^  5p 6d -5s^ 5p 8s 
5s^5p6d-4f5s5p'' 
5s^ 5p 6d -5s 5p^ 6p 
5s^5p6d-4f5s^5d 
5s^  5p 7d -5s^ 5p 6s 
5s^  5p 7d -5s^ 5p 7s 
5s^  5p 7d -5s^ 5p 8s 
5s^5p7d-4f5s5p^ 
5s" 5p 7d -5s 5p' 6p 
5s^5p7d-4f5s^5d 
5s^  5p 6s -5s^ 5p 7s 
5s^  5p 6s -5s^ 5p 8s 
5s^  5p 6s -5p^ 6s 
5s^  5p 6s -5s 5p^ 6p 
5s^5p6s-4f5s^5d 
5s^  5p 7s -5s- 5p 8s 
5s" 5p 7s -5s 5p^  6p 
5s^5p7s-4f5s^5d 












































( 5p, 6d; 5p, 8s) 
( 5p, 6d; 8s, 5p) 
( 5s, 6d; 4f, 5p) 
[ 5s, 6d; 5p, 4f) 
( 5s, 6d; 5p, 6p) 
• 5s, 6d; 6p, 5p) 
( 5p, 6d; 4f, 5d) 
[ 5p, 6d; 4f, 5d) 
[ 5p, 6d; 5d, 4f) 
; 5p, 6d; 5d, 4f) 
[ 5p, 7d; 5p, 6s) 
[ 5p, 7d; 6s, 5p) 
5p, 7d; 5p, 7s) 
[ 5p, 7d; 7s, 5p) 
[ 5p, 7d; 5p, 8s) 
5p, 7d; 8s, 5p) 
5s, 7d; 4f, 5p) 
5s, 7d; 5p, 4f) 
5s, 7d; 5p, 6p) 
' 5s, 7d; 6p, 5p) 
5p, 7d; 4f, 5d) 
5p, 7d; 4f, 5d) 
5p, 7d; 5d, 4f) 
5p, 7d; 5d, 4f) 
5p, 6s; 5p, 7s) 
5p, 6s; 7s, 5p) 
5p, 6s; 5p, 8s) 
5p, 6s; 8s, 5p) 
5s, 5s; 5p, 5p) 
5s, 6s; 5p, 6p) 
5s, 6s; 6p, 5p) 
5p, 6s; 4f, 5d) 
5p, 6s; 5d, 4f) 
5p, 7s; 5p, 8s) 
5p, 7s; 8s, 5p) 
5s, 7s; 5p, 6p) 
5s, 7s; 6p, 5p) 
; 5p, 7s; 4f, 5d) 
: 5p, 7s; 5d, 4f) 
[ 5s, 8s; 5p, 6p) 
; 5s, 8s; 6p, 5p) 








































































































































































The Spectrum of Ba VII 
5p^  5d -5p^ 6s 
5p^  5d -4f 5s 5p^ 
5p^5d -5s5p^6p 
5p' 6s -5s 5p^ 6p 
5s 5p^ 4f-5s 5p^ 6p 
5s5pMf-4f5s^5d 
R\ 5p, 8s; 5d, 4f) 
R (^ 5p, 5d; 5p, 6s) 
R'(5p, 5d;6s, 5p) 
R (^ 5p, 5d; 4f, 5s) 
R'(5p, 5d;5s,4f) 
R' ( 5p, 5d; 5s, 6p) 
R (^ 5p, 5d; 6p, 5s) 
R' ( 5p, 6s; 5s, 6p) 
R°( 5p, 6s; 6p, 5s) 
R'(4f,5p;5p,6p) 
R\ 4f, 5p; 6p, 5p) 























































In the present thesis the spectra of moderately ionized barium (Ba IV-Ba VII) 
are investigated in the ultra violet region. The earlier studies done on each spectrum is 
verified by analysing the spectra independently. The investigations of the present 
work are based on the excitations of n=5 electrons. 
The spectra for these analyses were photographed in the 350-2080 A 
wavelength region on a 3-m normal incidence spectrograph at the Antigonish 
laboratory (Canada). The data below 350 A was supplemented from the spectrograms 
recorded on a 10.7- m grazing incidence spectrograph of NIST laboratory 
Gaithersburg, MD (U.S.A) by Y.N. Joshi and V. Kaufman. The spectrograms were 
measured with the help of a Zeiss Abbe comparator at Aligarh. The lines of C, O, N, 
Al and Si present on the spectrograms as impurities were used as internal standards 
for wavelength reduction. Using MOSFIT, a polynomial fit program, the measured 
data was calibrated into the wavelength. For the optimization of energy levels we 
have used the computer program KLAS developed by G. J. Van Het Hof of 
Amsterdam and the program LOPT developed by A. Kramida. To transform the final 
least square fitted output in the publication form a computer programme TROUTK is 
used. 
The multi configuration interaction calculations for the precise prediction of 
energy levels and transition arrays were done using the Cowan's computer 
programmes (RCN, RCN2, RCG, and RCE). The scaling of energy parameters used 
for the ab-initio calculations for each spectrum is derived from the corresponding 
isoeloctronic sequence. 
The results of the analyses carried out for each spectrum are as follows: 
In the fourth spectrum of barium, we have investigated 5s^5p''6p configuration 
in odd parity matrix and 5s^5p''(6d+7d) and 5s^5p'*(7s+8s) configurations in even 
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parity matrix in addition to the earlier studied configurations. All the previously 
reported levels are confirmed and the J > 7/2 unknown levels of 5s 5p 5d 
configuration and the (^ P) '*P5/2 level of 5s^5p'*6s configuration have been established. 
All the levels of 5s^5p'*6p and 5s^ 5p'*7s configurations, 23 levels out of possible 28 
levels of 5s^5p'*6d configuration, 6 levels of the Ss^ Sp'^ Ss configuration and 15 levels 
of the 5s^5p'*7d configuration have been established. 
In the fifth spectrum, the spectral analysis has been extended considerably to 
include new configuration 5s^5p^6p in even parity configuration and, 5s^5p^(6d+7d) 
and 5s^5p''(7s+8s) in odd parity configuration. First of all we verified the earlier work 
and confirmed previously reported levels. All the J > 4 unknown levels of 5s'5p 5d 
configuration have now been established. All the levels of 5s 5p 6p configuration and 
thirty seven out of forty eight levels of the 5 s 5p 6d and 5 s 5p 7s configurations have 
now been established. Out of possible 38 levels of 5 s 5p 7d and 5s'5p 8 s 
configuration only 27 levels could be established. 
In the sixth spectrum of barium we have extended the spectral analysis by 
9 9 9 9 
including new configuration 5s 5p 6p in odd parity matrix and 5s 5p (6d+7d) and 
9 9 • . . 
5s 5p (7s+8s) configurations in even parity matrix. All the previously reported levels 
have been confirmed and the two unknowoi levels with J = 9/2 of the 5s^5p"5d 
configuration have now been established. All twenty one levels of 5s^5p"6p 
configuration and twenty nine levels out of thirty six levels of the 5s^5p^6d and 
9 9 9 9 
5s 5p 7s configurations and 16 levels of 5s 5p (7d+8s) configurations have also been 
established. 
In the seventh spectrum of barium, the analysis has been extended 
considerably to include new configurations 5s^5p6d and 5s^5p7s in odd parity 
configuration and 5s^5p6p, 5s^5p4f, 5s^5p5f, 5p'', 5s5p^5d and 5s5p^6s in even parity 
configuration. In this work we have confirmed all the previously reported levels 
except the 'Pi level of 5s^5p5d. All levels of 5s^5p(4f+5f) configurations, all ten 
levels of 5s 5p6p configuration and thirty six levels out of possible seventy two levels 
of 5s5p^ (5d+6s) configurations have been established. All five levels of 5p^ 
configuration and sixteen levels of 5s^5p6d and 5s^5p7s configurations were found. 
204 Conclusions 
Our findings are based on confirmation of most of the previously reported 
transitions and classification of 211, 311, 190 and 326 new lines of Ba IV, V, VI and 
VII spectra respectively. 
8.2 Future Scope 
As evident from literature, the atomic data and informations available on 
simple spectra are more than that on complex spectra. A survey of the past 
investigations done so far reveals that, most of these deal with the closed d shells. The 
progress on the analyses of configurations involving open d shells is not satisfactory 
as the spectra in open d shell transitions become very dense. In barium one such study 
has been done by Murphy et al. Therefore we too are planning for the study of such 
transitions in near future. 
In the present work, we have studied mostly the excitations of electrons from s 
orbital to p orbital, from p orbital to d orbital, except in Ba VII spectrum, where the 
excitation from d to f orbital is also studied. In future investigations we may go for the 
d to f orbital and f to g orbital transitions. 
In the near future we are planning to enhance our spectral data by extending 
the wavelength region of investigation. We will make some recordings in the lower 
wavelength region extending up to a few tens of angstroms as well as in the higher 
region above 2000 A with higher accuracy and better dispersion. This enhanced data 
will facilitate us in the further extension of the spectral analyses. 
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